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THE PEAK IN POLAROGRAPHY- 


Meticulous attention to detail Khas produced 
in the new Type E Electro-Chemograph and as- 
sociated apparatus modern instrumentation for 
accurate polarographic analysis. The equipment 
meets the most advanced needs of polarographic 
research; yet it's simple enough in operation for 
any technician to use in rapid routine analysis. 


A built-in Speed Mi pere Record 
i diff current so ly 
in the ped dition, that the lope of 


peak current values (the distance from bottom to 
top of the large Electro-Chemograph curve pic- 
tured here) can be used directly as a basis of 
precise quantitative analysis. This permits more 


dard diffusion current for 


yze engine deposits 


fast 
accurate 
[02 couventent 


Gurr Research and Development Co., Pittsburgh . . . 
central research organization for the Gulf Oil Companies 
... speeds up routine chemical analysis with their new 
Type E Electro-Chemograph. Typical time-saving task for 
this “automatic chemist'’ is the analysis of minute 
amounts of internal combustion engine deposits left on 
valve stems and similar surfaces. Gulf Research has set 
up routine procedures to determine for lead, copper, 
nickel, zinc, and other metals. 


| 


Gulf men have streamlined the operation to a point 
where they can now do 9 determinations in 45 minutes. 
The Electro-Chemograph tells them what metals... and 
how much of each .. . are in the test sample. Controls 
are conveniently grouped on the console to provide easy 
selection of range and damping to meet just about all 
analytical requirements. The whole test procedure is so 
simple, as a matter of fact, that direction plate instruc- 
tions on the console prove ample for 90% of routine 
work. 

The new Electro-Chemograph gives you polarographic 
analysis at its best. Applications are broad. Proved 
superior for research work as well as routine analysis, 
the instrument is being used effectively by production and 
test labs in detecting small quantities of minor additives 
such as catalysts, plasticizers, oxidizing agents . . . for 
most common wet analyses on steel and non-ferrous 
materials .. . in trace analyses for poisons .. . in assaying 
hormones and vitamins . . . and in many other applica- 
tions in manufacturing, research, and testing fields. 


ing various substances. 


Our new Cat. EM9-90 tells all about the new Type 
E Electro-Chemograph. Also—our bibliography on 
polarographic analysis has recently been revised to 
include every paper published between 1903 and 
1949 which we've been able to discover. Write our 
nearest office, or 4926 Stenton Ave., Phila. 44, Pa. 


MEASURING INSTRUMENTS - TELEMETERS AUTOMATIC CONTROLS - WEAT-TREATING FURNACES 


LEEDS & NORTHRUP CO. 
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YOUR CHANCE TO SAVE REAL MONEY! 


MAKE A, MICROSCOPE—Get wonderful results. Own an 

instrument worth many times the cost to you. Simply con- 

vert a S. Gov’t Riflescope (Govt. cost over $65.00). It’s 

easy! We show you how. No machining required. Get up 
0 Power. Scope we furnish is used but good condition 
. sent complete with extra lenses and direction sheet. 


W $7.90 Postpaid 
above project, ‘to simplify and speed up 
work— 

Stock #89-W $1.00 Postpaid 


DON’T MISS THESE 
BINOCULAR BARGAINS 


American Made! 
Save Real Money! 

An opportunity to own a truly 
fine pair of American-made glasses 
at substantial savings over glasses 
of comparable quality. Made by 
Anchor Optical Co., our Binoculars 
are light-weight, dust-proof, mois- 
ture-proof, expertly collimated. 
Designed and built to stay in 
collimation even under rough use- 
age. Optics are low reflection 
coated-—precision made for clarity 
and sharp definition. Metal parts 
chemically treated to prevent cor- 
rosion. Anchor Binoculars come 
with sturdy Carrying Case and neck strap. All glasses fac- 
tory tested and inspected—guaranteed for full year against 
ony defects in workmanship or materials. Sold with 10 DAY 

NEY BACK PRIVILEGE. 


Stock $963-W .......... $75.00 Postpaid 
Stock #064-W .......... 7 ree 85.00 Postpaid 
Stock #965-W .......... 98.50 Postpaid 
Stock #966-W .......... 99.50 Postpaid 


(Be sure to ada 20% Fed. Tax) 
SPECIAL! SPECIAL! 
% RONCHIRULINGS 


Black Line Grating 


Plate glass with etched posste black lines—space between 
each line is same as thickness of the ruled line itself. Made 
by paaseetapeiec process. Number of lines per inch ‘ranges 
from 65 to 133 as shown below. Normally cost $4.00 to $5.00 
per sq. inch. Used for fine measuring, testing and measuring 
astronomical mirrors, testing objectives, camera 
objectives, and magnifiers, used in pairs to see diffraction 


pattern. (Some seconds, with slight scratches.) 
1 in. x 1 in, 2 in, x 2 in, 

Stock Lines Stock Lines 

No. Per In Price No. Per In. Price 
2122-W 65 $ .75 | 2133-W 65 $1.50 
2126- 85 | 2134-W 1.50 
2127-W 110 1.00 | 2136-W 110 2.00 
2128- 120 = 2137-W 120 2.00 
2129-W 1.00 Ww 2.00 


138- 
All above sent Postpaid. 


SURPLUS OPTICAL BARGAINS 


The Chance of a Lifetime To Effect Sensational Savings! 


Nowhere in America will you find such an immense stock of Optical 
goods—Lenses and Prisms by the millions 
all kinds. Yes, we've got the variety to take care of almost any optical 
need! What’s more, we've got prices which in many cases are only a 
mere fraction of the original cost of manufacture. But that’s the story 
of SURPLUS! It’s the reason why Laboratories, leading R h 


» Valuable instruments of 


Scientists are buying from us in unprecedented veleme. Our stock is still 
BIG . . . but it can’t last forever. WE URGE YOU to take advantage of 
these outstanding money-saving opportunities AT ONCE! 


A WONDERFUL BUY! 


Amazing Pocket-Size 
10 POWER 


SPOTTING SCOPE 


Complete With Tripod and Swivel Head 
Only 5%” long—8%” high on tripod. 
Adapted from Army ———— and worth 
many times our price. xcellent for 
clarity and sharpness. Has prism 
erecting system, achromatic objective, 
Ramsden Eye-Piece. Lenses low reflection coated. 
Scope for a and hunters. 

Stock #9. $14.95 Postpaid 


SO MUCH for SO LITTLE! 


SIMPLE LENS KITS!—_THE LENS CRAFTERS DELIGHT! 
Fun for adults! Fun for children! Kits include plainly 
written, illustrated booklet — how you can build lots 
of optical items. Use these lenses in Penn spe me A for copy- 
ing, ULTRA CLOSE-UP SHOTS. 4 ~~ for 
“Dummy Camera”, Kodachrome Viewer, Detachable Reflex 
View Finder for 35 mm. cameras, Stereoscopic Viewer, ground 
glass and enlarging focusing aids. And for dozens of other 
uses in experimental optics, building TELESCOPES, low 
power Microscopes, etc. 

Stock +2-W—10 lenses .. 
Steck 75-W—45 lenses .. 
Stock lenses . 
NON-ABSORBING BEAM-SPLITTING MIRROR—Lotest 
development! flat to wave length. Size: 
1-15/16” x 2-15/1 %” thick. Reflects approximately 50% 
and transmits approximately 50%. No light is absorbed. 
Has a three-layered film which accomplishes non-absorption. 
Steck #567-W Postpaid 
SLIDE PROJECTOR SETS—Consist of all unmounted lenses 


Ideal 


Stock 74038-W . Te, wat, $3.35 Postpaid 
Stock #4089-W ......... 24%” x $8.35 Postpaid 
LOOK! LOOK! LOOK! 

Sheet Polarizing Material— 
Stock #691-W ...... Pair of 1” dia. Circles ...... 20¢ Pstpd. 
Steck 7692-W Pair of 2” dia. Circles 35¢ Pstpd. 


TERRIFIC BARGAIN! BUBBLE SEXTANT 
BRAND NEW and with Automatic Electric Averaging Device 
and Illuminated Averaging Disc for nighttime use. Govt. 
cost $217. Though brand new, we have re-checked Bubble 
and Collimation and guarantee perfect working order. 
Price includes wooden Carrying Coss. Full directions for 
use accompany each shipment. 

Stock 3933-W $22.50 Postpaid 
BUBBLE SEXTANT—TYPE A-8A. Excellent condition but 
may be slightly used. Each has been carefully checked and 
collimated. Averaging device for nighttime use. ge 
Case and instruction booklet included. Gov't 
Stock #046-W ....... 
TELESCOPE —Consiete 
2 Achromatic lenses F.L. 28 mm. in a 
metal mount. 


~ Write for FREE CATALOG W i= 


Prices. 


IF YOU'RE INTERESTED IN OPTICAL BARGAINS 
‘er Surplus 
ond Prisms for Sole at "'Borgoin 


Stock #5140-W .......... $4.50 Postpaid 


ORDER BY SET OR STOCK NO. 


November 3, 1950 
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Workers are kept informed on hazards and safety prac- 
tices through a planned program. 


2 
Supervisors recognize their responsibility to provide 
proper instruction and equipment. 


Do you have this booklet? 


It describes: Modern methods and appliances for handling all oper- j 
© “How to Prevent Accidents ations are used. 
in the Laboratory” a 
@ “How to Avoid a Charge of 
a onl First Ald end First aid and emergency equipment is conveniently at 
Fire Fighting” hand for unforeseen accidents. 


@ “Safety Equipment Availa- 
+ ble for Use in Laboratories” 


WRITE FOR FREE COPIES TO— 
Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC CO. re: EIMER & AMEN 


% 717 Forbes St., Pittsburgh (19), Pa. Greenwich and Morton Streets | 
2109 Locust St., St. Louis (3), Mo. New York (14), New York 


New Washington Plant: 7722 Woodbury Drive, Silver Spring, Maryland 


* 
a A laboratory is a safe lace to work when: 
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AN OUTSTANDING OVEN VALUE 


Note the SIZE, the DOUBLE use, the EFFICIENCY features 


® The same oven is equally 
suitable for drying or for 
hot-air sterilizing 


® The insulation is Rock 
Wool, 3 inches thick— 
plus an asbestos door seal 


Immediate delivery is 
available from any of our 
5 convenient office-ware- 
houses 


20791, Size 1. Inside 20791, Size 2. Inside 
dimensions 12 x 12 x Ss dimensions 18 x 24 x $ 


Also available in size 25 x 31 x 19 inches on special order. 


Temperature range, room to 180°—con- out halfway for loading or unloading. A 
trolled to + 1° C. by Robertshaw hydraulic unique arrangement of nichrome “black 
thermostat. The heating chamber, legs and heat” units eliminates hot spots, providing 
trim are of aluminized steel—equally resistant close uniformity of heat throughout. Sup- 
to rust and to corrosive laboratory fumes. plied complete with thermostatic control, 
The two shelves are of heavy gauge metal; arethermometer, shelves, 6-ft. cord and plug, for 
adjustable every 4 inch and may be pulled operation on 115 volts, A.C. 


Write, Wire, Phone or Teletype Dept. SC-11, our nearest office-warehouse 


@ ATLANTA 3, GA. @ NEW YORK 12, N. Y. 
SOUTHERN SCIENTIFIC WILL CORPORATION 


@ BUFFALO 5,N.Y. | SERVING SCIENCE THROUGH SUPPLY © BALTIMORE 1, MD. 


BUFFALO APPARATUS corp. ROCHESTER 3, N. Y. WILL CORP. WILL CORPORATION of Md. 
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The NEW 
opaque projector 
that gives you so many NEW, 
useful features 


Here it is . . . the most modern and 
most versatile of visual teaching tools! 


More projection light. Use it in a 
partially-darkened room. 

You don’t need total darkness to get 
sharp images and brilliant colors 
with the NEW Beseler VU-LYTE! 


Project a letterhiead or a postage 

stamp with equal ease. Enjoy smooth, 
cool, continuous operation 

without light flashes, without copy flutter, 
without cumbersome mounting. 

Feed mixed or continuous copy simply, 
quickly. Project a pointer 

without leaving the projector. 


nt! wits pESELER Get all these features and many more 


in a full-size, precision-built 

projector that weighs only 35 pounds. 
Right in your own projection room — 
see. VU-LYTE! Try VU-LYTE! 


Ask us today for a free demonstration. 
And ask for bopklet B. 


CHARLES COMPANY 


* Patents 
60 Badger, Avenve, Newark 8, N. 3. 

The Werld’s Largest Manufacturer of Opequé Projection Equipment 
November 3, 1950 5 
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Hol Extracted 
VITAMIN TEST CASEIN 


“Vitamin-Free” for Biological Assay and Research 


Because of its freedom from biologically significant amounts 
of vitamins, Vitamin Test Casein GBI is ideally suited for the 
preparation of experimental diets requiring a “vitamin-free” 
animal protein base. 


In the preparation of this product, we subject the raw casein 
to several thorough extractions with hot alcohol. A batch process 
is employed requiring five days for complete extraction, drying 
and grinding. Complete isolation of the operation helps insure 
against possible contamination with vitamins. 


The process is designed to remove both fat and water-soluble 
vitamins making the product suitable for the usual biological 
depletion procedures. Each lot of Vitamin Test Casein GBI bears 
a control number identifying the entire process of manufacture 
from production formula to packaged material. Biological tests 
are run at significant intervals to assure consistent and satisfactory 
results. It has been the Vitamin Test Casein of choice of many 
laboratories for the past ten years. 


Available in 5, 25 and 100 lb. fibre drums at reduced 
prices. Many large users effect a substantial saving 
by taking advantage of our 1000 lb. contract price. 


OTHER GBI NUTRITIONAL RESEARCH PRODUCTS 
BIOLOGICAL TEST DIETS VITAMIN SUPPLEMENTS 
TEST DIET INGREDIENTS MICROBIOLOGICAL MEDIA 
VITAMINS (CRYSTALLINE) |= RESEARCH BIOCHEMICALS 
AMINO ACIDS (CRYSTALLINE) CAROTENE CONCENTRATES 


For complete details and prices 
Write for GBI list No. 677 


Reg. U. S. GBI Pat. Off. 
GENERAL BIOCHEMICALS, INC. 


60 LABORATORY PARK . CHAGRIN FALLS, OHIO 
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yr ANALYZE for 33 ELEMENTS in MINUTES 
by means of the 
y TODD “SPECTRANAL”’ 


U. S. PATENTS PENDING 


This new principle of element excitation, using a submerged electrode appa- 


ratus, now enables rapid positive qualitative analyses to be made by means of 


an inexpensive visual spectroscopic method. 


FEATURES 


DETECTS 33 ELEMENTS 


Barium Europium Lithium Silve 
Bismath Gallium M i 

Cadmium Gold Manganese Strontium 
Calcium Hydrogen Mercury Thallium 
Cerium Indium Nickel Tin 
Chromium Iron Palladium Titanium 
Cobalt Lanthanum Rhodium Vanadium 
Copper Lead Scandium Yttrium 


RAPID ANALYSIS 
Only a few minutes are required for detection of the above 
elements in either simple or compiex mixtures. 


MACRO or MICROANALYSIS 
Requires only a few milligrams of sample for the complete 
analysis. 


HIGH SENSITIVITY 
The average limit of detection for the above elements is 
0.7 mg./ml. However, some elements may be detected in 
concentrations as low as 0.005 mg./ml. 


POSITIVE ANALYSIS 
Absolute identity of the elements without the ‘“‘inter- 
ferences” frequently present in time consuming chemical 
methods. 


SAMPLE NOT DESTROYED 
Sample is 100% recovered after analysis. 


VISUAL ANALYSIS 
Eliminates need for expensive photographic equipment and 
other accessories required for spectrographic methods. 


NEW PRINCIPLE OF OPERATION 

A few milligrams of the sample to be analyzed are dissolved and 
placed in the SPECTRANAL condenser excitation chamber which 
has two submerged vertical platinum electrodes. By means of a 
predetermined fixed voltage and amperage, the upper platinum 
electrode submerged in the solution, produces an unusual con- 
tinuous glow on its surface which is characteristic of the ele- 
ments present in the solution. This selected current excites the 
elements present to produce only their characteristic persistent 
lines. The elements are then readily identified by referring to a 
specially prepared table of their selected persistent lines. After 
analysis, the sample solution is completely recovered. 


TODD SPECTRANAL is supplied complete with a standard 
high quality Bunsen type prism spectroscope of modified 
design mounted on a | base which houses the con- 


trol and safety devices. he spectroscope is also pro- 
vided with an incandescent lamp of variable intensity 
for illuminating the spectroscope scale. A vertical sup- 
port rod on the collimator tube is provided with an 
adjustable clamp for supporting the SPECTRANAL ex- 
citation chamber in front of the spectroscope slit. The 
Pyrex brand glass water-cooled excitation chamber has 
a fixed lower platinum electrode and a 4” adjustable 
upper platinum electrode attached to a heavy non- 
reactive metal support rod with an insulated handle. 
This chamber is also provided with a single-wall window 
Y” diam. for maximum light transmission, a funnel 
shaped top arm for introducing analytical sample into 
chamber, a three-way stopcock at bottom for removing 
sample after analysis and for water flushing the chamber 
after use without the need of removing it from its sup- 
port. The unit is finished with a brilliant black baked- 
on enamel, has 6 feet of rubber coated cord with pl 
and is for use on either 110 volts a. c. or d. c. Over-ali 
height 18”. Operating instructions included. 


604606500065 000000600 006500008 0% $282. 


WRITE NOW for free literature on the TODD “SPECTRANAL” 


TODD SCIENTIFIC COMPANY 


Designers and manufacturers of special scientific laboratory apparatus. 


SPRINGFIELD, PA. 


November 3, 1950 


| 
= 
-€ 
£ 4 
| 
~ 
| 
| 
| 


In Science’s ‘‘Uniformula’’ Ration 


PURINA LABORATORY CHOW 


You can depend on Purina Laboratory 
Chow for uniform results because there’s 
PURINA ‘ no change in the formula today, this year, 
LABORATORY or any year. It’s the laboratory s Unifor- 
, mula” ration, made especially to give you 
a constant, unchanging diet in experiments 
with animals lasting over several genera- 
tions. Purina Laboratory Chow is made 
from top-quality ingredients. It’s in Checker 
form to make it easy to feed. Try Purina 
Laboratory Chow today. Order it through 
your nearest Purina Dealer. 


RALSTON PURINA COMPANY ~ St. Louis 2, Missouri 


KLETT 
ELECTROPHORESIS 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 
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CAGES 


and 


systems or complete equipment for the housing 
and sanitary care of all laboratory animals. Bussey 
Products Co. offers complete cage units that assure 
maximum efficiency, compact sizes and minimum 
work for the user. 


BUSSEY PROD 


November 3, 1950 


UCTS CO., 6000- 


LABORATORY 


EQUIPMENT 


x 


Laboratory Animal Equipment for your every need 


What's your problem? Is it housing a large number 
of laboratory animals in a limited space or finding 
that “special answer” to an unusual cage need? 
There is a Bussey cage and rack to end your search. 

We make cages, racks, automatic watering 


The improved “Permaweld” welded-wire construc- 
tion isa result of top-notch engineering. Our 
modern production’ techniques permit price econ- 
omy. The results can’t be beat. Hundreds of the 
country’s leading laboratories can tell you that. 

: Need help onja tough “special problem”? 
Our engineers will ‘gladly assist you with any size 
and type of cage or rack to meet your special 
applications. Just write for our catalog or submit 
your specifications. , 

ch 


19 W. Sist St, 


icago 38, Ill. 
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RABBIT CAGE GENERAL PURPOSE CAGE 
AND CAGES 
AUTOMATIC WATERING SYSTEM 
MLLUSTRATED 
t 
its 
GENERAL PURPOSE PAPER CLEANING SYSTEM 
CAGES AND RACK NLUSTRATED 
| 9 


For Large Capacity Laboratory Work 


CASTLE RECTANGULAR AUTOCLAVES 


AL, Bacteriological 
| Apparatus 


Large laboratories find the answer to 
their heavy sterilizing requirements in a 
Castle Rectangular Autoclave. 


These Autoclaves are equipped with dual 
discharge for three functions: (1) sterili- 
zation at temperature of pure steam; (2) 
sterilization at temperature of flowing 
steam; (3) sterilization at temperature of 
steam and air combined. 


Every feature of these heavy-duty Auto- 
claves is designed to simplify its opera- 
tion and guarantee its safety. For full 
details write for “Bulletin 2-5.” Wilmot 
Castle Company, 1212 University Ave- 
nue, Rochester 7, N. Y. 


STIMULAT 


ORS 


STUDENT MODEL #461 
4 RESEARCH MODEL #463-D 
CONSTANT-CURRENT #480 


Hundreds of Electrodyne stimu- 
lators are now used for physiologi- 
cal and pharmacological research 
and student instruction. Many 
industrial pharmaceutical labora- 

a tories use the model 461 for test- 
ing nerve reactions to anesthetics. 
Specifications SC-2 and prices on 
request. Prompt delivery. 


THE ELECTRODYNE CO. 


32 Oliver Street, Boston 10, Massachusetts 


10 


RESEARCH BIOCHEMICALS 
for 


Biological & Microbiological 
INVESTIGATIONS 


WRITE FOR 


NEW 
CATALOGUE 


#S-900 
October 1950 


Listing nearly 500 Important Biochemicals 


NUTRITIONAL BIOCHEMICALS CORP. 


CLEVELAND 5, OHIO 
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BOEHNKE CONTINUOUS PAPER MODEL 


UNIVERSAL KYMOGRAPH 


A new model, of great rigidity, in which instantaneous change of speed can be 
made simply by turning the lever on the dial 


KYMOGRAPH BOEHNKE UNIVERSAL, Continuous Paper Model, for making ink 
records. Can be adapted in the laboratory for use with smoked paper tracings. A new 
model, of great rigidity, driven by a 1/15 h.p. constant speed induction motor and a precision 
friction type transmission. Speed can be varied from 0 to 351 cm per minute and can be 
changed instantaneously simply by turning the Icver on the dial, which indicates a direct per- 
centage of maximum speed. 

With variable speed transmission enclosed in aluminum housing, 174 inches long x 8} inches wide x 
10} inches high, from which there extends a frame-type bed consisting of four lengths of anodized alu- 
minum tubing, 1} inches outside diameter, and a cast aluminum endpiece. Driven drum is 8 inches 
diameter X 10 inches high, movable idle drum 4 inches diameter x 10 inches high. The drums are made 
of brass tubing with cast aluminum ends. Drum pillars are made of aluminum rod 1} inches diameter; 
shafts are Stainless steel, }-inch diameter, with hardened steel bearings. Writing levers, manometer, etc., 
can be mounted on a semicircular base which is attached to the end of housing. 


7976-J. Kymograph Outfit, Boehnke Universal, Continuous Paper Model, as above described, complete 
with accessories as shown in illustration, including two sets of driving gears, semi-circular base, 
Stainless steel posts and rods, levelling foot, holder for the roll of paper, friction roller to main- 
tain proper paper tension, two pulleys and belt to synchronize turning of drums and paper roll, 
roll of glazed paper, aluminum platen—not shown in illustration—to provide a flat writing sur- 
face, and directions for use. For 115 volts, 50 or 60 cycles a.c. 775.45 


More detailed information regarding above and other models of the Boehnke 
Universal Kymograph, sent upon request. 


ARTHUR H. THOMAS COMPANY 
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BUT TODAY you need better 
image quality, higher accuracy, 
speed and convenience — | 


@ And that’s what you get in the new Bausch & Lomb | 
Laboratory Microscopes . . . 1950’s finest! You'll want | 
these exclusive B&L advantages: variable focus con- 
denser; nosepiece with roller bearing stop; bronze body | 
tube dove-tail slide; patented lever fine adjustment. You 
get fine quality images, faster and more easily, with 
B&L features like these: coarse adjustment with 
matched rack and pinion; substage with full 360° 
ring mount; integral substage illuminator (op- 
tional); Balcoted optical system (optional) to 
reduce reflection and flare. 


St the difference with a demonstration 
Let your own test prove the smooth-as-silk 
motion, precise focusing and illumination 
control, world’s finest optical system, and 
time- and effort-saving convenience of a new 
B&L Laboratory Microscope. 

WRITE for complete information and dem- 
onstration to Bausch & Lomb Optical Com- 
pany, 642-EE St. Paul St., Rochester 2, N. Y. 


The World's Finest 
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Min made in America 


Bausch & Lomb Yaboralory Microscopes 
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Instrumentation in Perspective 


W. A. Wildhack 
Office of Basic Instrumentation, National Bureau of Standards, Washington, D. C. 


HE TIME IS LONG SINCE PAST when 
any one man could know all contemporary 
science, and the time is almost past when a 
specialist in any one field can maintain ac- 
quaintance with even the high spots of many other 
fields. It might be assumed that the knowledge and 
interest of the specialist concerning the instruments 
and techniques used in building the structures of 
other sciences would be even more casual, fragmen- 
tary, and remote than his knowledge and interest con- 
cerning the final conclusions reached by those sci- 
ences, but this is not necessarily so. It is becoming 
generally recognized even by the most academic sci- 
entists, who are noting the more alert practices of 
their industrial colleagues, that many instruments and 
techniques developed for one particular field will find 
applications of equal or even greater importance in 
other quite unrelated fields. The astute experimental- 
ist has therefore learned to keep his eyes open for 
advances in instrumentation wherever they may occur. 
The remarkable development of measuring devices 
and techniques in the past two decades, following the 
logical implications of the concept of mass production, 
and the imperatives of automatic control of continuous 
processes, have supplied the scientific worker also with 
off-the-shelf equipment for measurement and control 
beyond the wildest dreams of an earlier generation, 
which had to spend much of its time in the design, 
fabrication, and repair of relatively crude measuring 
devices. Some understanding of the great variety of 
available instruments is essential to the modern sci- 
entist, not only to save his own time—for better con- 
centration on his own particular research—but also to 
suggest new and fruitful lines of approach to his 
goals. Thus there is a very real and live interest in 
instrumentation on the part of scientists generally. 
The scope and complexity of science and of tech- 
nology are reflected in the overlapping of the various 
subjects that comprise the “field of instrumentation,” 
making it difficult for the investigator to keep abreast 
of all the developments in instrumentation that are 
pertinent to his work, or to solve unaided the instru- 
ment problems incident to his goal, if he is at the 
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same time to maintain a mastery in his own area of 
specialization. Thus it happens that experts in one 
or more of the various types of instruments have been 
more and more frequently called upon for advice and 
consultation, and the growing demand has encouraged 
a number of engineers and scientists to specialize in 
this phase of scientific work. In this work they have 
gone beyond familiarity with instruments and have 
concerned themselves also with the problems ineident 
to the broader phases of instrumentation. They have 
familiarized themselves with the relationship between 
classes of instruments, the problems common to the 
design and application of all types of instruments, the 
analysis of instrument systems, and the theory and 
practice of applying measurement to the broad field 
of automatic control. In short, they have evolved the 
Science of Instrumentation. The specialists in this 
new science make their chief goal the improvement in 
the means whereby others may attain the ends of 
other fields of experimental science and technology. 

The growth of this kind of specialization proceeded 
initially, and most rapidly, in industry. Chemical, 
electrical, and mechanical engineers acquired the title 
of “Instrument Engineers” and accepted the respon- 
sibility for selection, procurement, adaptation, and, 
frequently, for design and development of instruments 
for use in plant processes, as well as in plant labora- 
tories. 

A parallel evolution of specialists oceurred in the 
instrument manufacturing industry, where engineers 
and physicists were essential not only for development 
design, but also for application (or sales) engineering. 
The intimate knowledge of industrial measurement 
problems gained by technically competent field repre- 
sentatives, working with the plant engineer or labora- 
tory scientist to define needs, and with the manufac- 
turers’ design engineers to achieve a usable answer to 
those needs, has aided greatly in the rapid invention 
of practical, well-designed, and reliable devices for 
measurements of all types. 

It is through academic research that fundamental 
problems have traditionally been solved, and the solu- 
tions first applied to new methods of measurement. 
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This continues, but usually the academic specialist in 
pure science is only secondarily concerned with ex- 
ploring all the implications and applications of his 
discoveries in the broad field of measurement, whereas 
the engineer is generally concerned with measure- 
ments only in his particular field. Not until the past 
decade has it been widely recognized that the progress 
of science, as well as of technology, can be greatly 
accelerated by focusing specifically on the wider ex- 
ploitation of existing techniques of measurement and 
on the improvement and development of new instru- 
ments and methods for measurement and control. 

With a few noteworthy exceptions, university edu- 
cators have been slow to provide their graduates with 
specific training relating to instruments, control sys- 
tems, or the theory of measurement generally. Spe- 
cialized education in the field of instrumentation, per 
se, has been primarily a matter of self-education, at 
least until recently.* 

However, for those who sought familiarity with in- 
struments and instrumentation there has always been 
a rich field of reference material available in all the 
sciences. For nearly twenty-five years two American 
periodicals have been devoted to the dissemination of 
information on instruments: The Review of Scientific 
Instruments, limited largely to research papers, and 
Instruments, the magazine of measurement and con- 
trol, limited largely to descriptions of industrial in- 
struments. Both these magazines have been effective 
media, not only for the dissemination of information 
on specific instruments, but also for the “propagation 
of the gospel” of increased productivity in science and 
industry through measurement and control. M. F. 
Behar, longtime editor of Instruments, was an early 
and leading proponent of this gospel and an exponent 
of the science of instrumentation, and this magazine 
is notable for its editorial emphasis on the important 
role of instrumentation and its even greater potential- 
ities. 

Abroad, the British Journal of Scientific Instru- 
ments, the German Zeitschrift fiir Instrumentenkunde 
and Archiv fiir technischen Messen, and the French 
Revue de Metrologie were the primary prewar journals 
dealing with instruments. Both in this country and 
abroad, however, many of the basic papers dealing 


1The Massachusetts Institute of Technology and Columbia 
University have long offered instruction in automatic control, 
servomechanisms, instruier; theory, etc. Many physics 
departments have given ‘ra@itional courses in “physical 
measurements,” and many engineering and science courses 
include much work on certain classes or types of instru- 
ments; but courses dealing bros dly with the study of instru- 
ments are only now being added to university curricula. In 
this connection, a conference on “Instrumentation and the 
University,” sponsored by the Instrument Society of America 
in 1945, helped to focus attention on the need for such train- 
ing, with the result that many more institutions have since 
introduced courses in instrumentation. 
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with fundamentals of measurement, automatic con- 
trol, transmission and recording of data, design of 
fine mechanisms, and development of general-purpose 
instruments continue to appear in other professional 
journals. The American Society of Mechanical En- 
gineers has a notable record in this respect; its In- 
dustrial and Regulators Division was created to give 
greater recognition to this phase of mechanical en- 
gineering, and many significant papers have appeared 
in its publications. The American Institute of Elee- 
trical Engineers likewise has an active committee on 
instruments and measurements; and many of the ac- 
tivities of the Institute of Radio Engineers, as well as 
the papers in its journal, relate to instruments and 
measurements. 

The Proceedings of the Royal Society, the Philo- 
sophical Magazine, the Journal of the Optical Society 
of America, Industrial and Engineering Chemistry, to 
cite only a few examples here and abroad, are fruitful 
references for papers on the general aspects of instru- 
mentation. Various sectors of instrumentation are 
specifically encompassed and cultivated by other socie- 
ties, such as American Microscopical Society, Ameri- 
ean Society for X-Ray Diffraction, the Electron Micro- 
scope Society, the Society for Experimental Stress 
Analysis, ete. One organization, the Instrument So- 
ciety of America, founded in 1945 and having now 
about 4,000 members, devotes itself to the broad as- 
pects of the art and science of instrumentation. The 
AAAS-Gordon Research Conferences sponsor a week- 
long session on instrumentation related to chemistry 
each year. The action of the editors of Science in 
devoting a special issue every year to instrumentation, 
indicates the growing recognition of the importance of 
instrumentation to science. 

” the “seience of instrumenta- 
tion” may be recognized without being very exactly 
defined. It is not unique in this respect; most other 
branches of science are fuzzy at the edges; but, with 
no attempt at precision, we may characterize the field 
of instrumentation, first, by its relation to the other 
sciences; second, by its content; and, third, by its 
goals. In relation to other sciences, instrumentation 
is a horizontal field encompassing segments of prac- 
tically all of them. This is well illustrated in an 
article by Waterfall and Hutchisson on “Organization 
of Physies in America” (7). In a chart showing the 
various vertical divisions of science, such as physics, 
chemistry, geology, biology, ete., and even their sub- 
divisions, such as mechanics, sound, heat, light, metal- 
lurgy, surgery, physiology, ete., each field broken down 
by content, including one area called Instrumentation, 
the general field is presented as a horizontal division 
across all the sciences. This appears to be a useful 
and valid concept, and has led to the characterization 
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of instrumentation as the common denominator of the 
sciences (2). 

Just as the whole is often greater than the sum of 
its parts, so is the science of instrumentation greater 
than the sum of the individual phases of instrumenta- 
tion that are inherent in the fields, for instance, of 
electricity, mechanics, electronics, optics, ete. It in- 
cludes, besides the science of instrument design and 
application, the broad principles and general theories 
of measurement and control, and the operational 
analysis of the various steps in the handling and use 
of measurement data. 

In the article by Condon (3), in the Annual Instru- 
ments Issue of Scrence on “Is There a Science of 
Instrumentation?” the question raised by the title 
was answered in the affirmative, with emphasis on the 
common elements in the problems, devices, and 
methods of measurement. 

In another recent article, Trimmer (4) compares 
sever*l views of instrumentation, without quite de- 
ciding whether it is a part of the newly introduced 
(and not-yet-quite-accepted) science of cybernetics 
named by Wiener. Wiener’s book (5), subtitled 
Control and Communication in the Animal and the 
Machine, emphasizes the similarities between the meth- 
ods of communications engineering and the physio- 
logical transmission of information by nerve action, 
and the probable benefits to each field that will re- 
sult from intermixing the concepts and methods of 
each. It is certainly true that the problems of con- 
trol are essentially the same for any living organism 
as for an automatic control instrument or instrument 
system. In both the animal and the instrument, stable 
control implies a “feedback” of output into the sensing 
clement, and the principles of automatic contro] must 
be equally applicable to both. Having defined instru- 
mentation as “the science of measurement and con- 
trol,” one might (with the permission of the com- 
munications engineers) include communication devices 
and theory, as well as automatic control. The domain 
of cybernetics then would appear to be instrumenta- 
tion in the fields of psychology and physiology. How- 
ever, we may leave to the future the decision as to 
whether cybernetics shall become an inclusive science, 
and, if so, whether instrumentation is a part of cyber- 
neties or vice versa. 

There is one other branch of science with which 
instrumentation is closely allied—so closely in fact, 
that instrumentation may be called the offspring of 
metrology. Some distinction may be made, however, 
between these fields, in the light of their differing 
emphasis. Metrology concerns itself not only with 
the devices of measurement but also with the carrying 
out of measurements and the compilation of data. 
Instrumentation puts prime emphasis on the develop- 
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ment and application of the devices and techniques of 
measurement, and not so much on the continued utili- 
zation of the instrument for measuring purposes, or 
on the results of the measurements. Further, instru- 
mentation apparently includes in its domain the im- 
portant and expanding field of automatic control, and 
the theory of feedback of an instrument output to 
amplify that output by regenerative action, or to 
stabilize the output by negative reaction with the 
physical magnitude to be controlled. But it is fruit- 
less to attempt too exact a definition of a subject that 
is so interwoven in others, and that is unique pri- 
marily on that account. Those parts of science gen- 
erally which deal with instruments, with measure- 
ments, and with control combine to form the core of 
the science of instrumentation. 

Looking broadly at all types of measurement, it is 
easy to see that there are several very distinct and 
separate parts, steps, or links involved in the com- 
plete measuring and control process. It is also easy 
to recognize that a number of common elements enter 
into the problems associated with all types of measure- 
ment. 

1. First in the chain is, of course, detection or 
response. There are literally thousands of devices 
now available that detect or respond to some property, 
condition, or variation related to measurable magni- 
tudes. Such “condition-responsive,” detecting, or sig- 
nal-generating elements, as they are variously called, 
have the common function of responding to the thing 
to be measured, with a resulting change in some other 
thing that can be measured. The generic term for 
such devices is transducer, which may, in its broadest 
sense, be defined as a device that responds to one 
physical entity, or change therein, by producing a 
change of some other condition, factor, or entity. A 
simple example is a mercury-in-glass thermometer, 
which responds to changes in condition—temperature 
—by changes in volume. To cite another illustration 
from the outer regions of our perhaps slightly 
stretched definition, a photographie plate that re- 
sponds to light exposure by a change in the develop- 
able property of the emulsion may also constitute a 
transducer. 

2. The second element is transmission, if the in- 
formation is to be dealt with at a location remote from 
the point of measurement. A simple variant of the 
mercury-in-glass thermometer has an extremely long 
stem so that the movement of mercury in the capillary 
will be transmitted the requisite distance. Alterna- 
tively, the expansion of the mereury may change the 
amount of the metal in a stem surrounded by a coil, 
so that the electrical impedance of the circuit is 
changed; th’s change may be indicated at a distance. 
Or the expansion may move a flexible member to in- 
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terfere with the flow of gas through an orifice, and 
the resulting change in pressure may be transmitted 
through a pneumatic circuit. 

In order to have a signal of sufficient strength for 
transmitting over long distances, or to operate indicat- 
ing or recording devices, it is often necessary to add 
another step to the measurement process—namely, 
amplification. Any of these types of output may be 
further transformed into radio signals for still further 
transmission, leading into the entire field of radio 
telemetering. 

3. Indication is a third factor which, in the primi- 
tive stages of measurement, was the end result. The 
pressure gauge, the electric meter, the visible fluid in 
the thermometer stem, are simple and familiar ex- 
amples. The impact of psychology, physiology, and 
operational analysis may radically change the appear- 
ance and operation of the conventional needle-and- 
seale-type of indicating instrument. Digital repre- 
sentation of the measurement will probably be more 
and more frequently employed, leading to indicators 
like the ordinary automobile mileage indicator. The 
cathode-ray tube may be mentioned as a very con- 
venient and versatile indicator wherein the scales and 
method of presentation may be varied at will. 

4. Whether or not the result of the measurement is 
to be shown on an indicator, recording is often desir- 
able, to make a temporary or permanent record of the 
measurement as a function of time or of some other 
parameter. Tke photographic recording of light 
beams reflected by moving coil galvanometers is one 
method of keeping track of rapidly changing measure- 
ments. The moving pen actuated by the measuring 
instrument or by a repeater, recording on circular or 
strip charts, is the commonest method of making 
records. A variety of repeater mechanisms has been 
developed for accurately, rapidly, and exactly posi- 
tioning the pen in response to very slight signals, so 
that multirange recorders are now to be found in all 
laboratories. The recent development of means for 
storing information on magnetic wire or tape, which 
can eventually be erased and used again, has opened 
up new possibilities in this field. 

5. When measurement information is obtained, 
transmitted, and indicated or recorded, it is logical to 
add control to the duties of the instrument, so that it 
may carry out the task of negotiating or doing those 
things the human operator would do if he noted the 
indication and followed the logical consequences dic- 
tated by the measurement. The output that operates 
the indicator or recorder is also compared with what 
is desired, and the difference between the actual and 
the desired, constituting an error signal, serves to 
set other devices in motion to change the thing which 
was measured. The simple household thermostat 
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turns off the furnace when the temperature attains a 
certain value and turns it on again when the tempera- 
ture falls below another certain value. The complex 
antiaircraft fire controller combines various measuring 
devices to determine height, range, direction, and 
velocity, and rate of change of course of the aircraft, 
computes the trajectory, allows for the characteristics 
and location of the gun, and sets in motion the controls 
to point the gun in the correct direction. Between 
these examples are a host of existing and potential 
devices and problems for automatic control. 

6. Of a somewhat different character from the con- 
trol procedure, the instrumental function of data re- 
duction and analysis is also derived from the measur- 
ing action of instruments, through extension of the 
function to perform those steps that the human oper- 
ator would take from logical consideration of the im- 
plications of measurement. An example is in the 
target scoring devices developed during the last war 
for gunnery training. Measurements were made of 
the direction in which the trainee pointed the gun 
when firing and were automatically correlated with 
the position of the simulated moving target on the 
screen. When the measurement fell within the mov- 
ing range, a “hit” was automatically recorded and the 
number of hits totalized. In a more sophisticated de- 
vice the average angle-of-miss could be measured and 
recorded for better training. In some cosmie ray 
studies the passage of a ray is in itself not a note- 
worthy event, but the statistical variation of the type 
and energy of the ray, perhaps only in its correlation 
with other variables, is significant. Here the primary 
measurements may be considerably distorted and 
simplified to reduce the problem of correlation to its 
simplest essentials. In this direction the development 
of devices for the automatic drawing of conclusions 
from data automatically sifted, sorted, reduced, and 
analyzed, is only in its infancy. 

Since instruments are material entities, they are 
subject to ills arising from the idiosynerasies of the 
material of which they are made, as well as those 
arising from the inevitable application of the third 
law of thermodynamics. Many of these elements may 
be grouped under one general heading as affecting 
accuracy: response characteristics, hysteresis, drift, 
repeatability, effect of overload. These effects may 
have a multiplicity of causes, such as friction and 
looseness in bearings, the misreading or dislocation of 
the pointer, the elastic defects in sensitive elements or 
supporting structures, changes in electrical, optical, 
or other properties of materials on which the per- 
formance depends, leakages, or instability of ampli- 
fiers, resistors, ete. Another class of problems relates 
not so much to accuracy as to physical characteristics 
desirable in instruments—compactness, portability, 
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ruggedness, insensitivity to shocks and extremes of 
temperature, pressure, humidity, ete. Inasmuch as 
each successive factor in the instrument control cycle 
has its own shortcomings and defects, the struggle to 
maintain accuracy, reliability, repeatability, rugged- 
ness, ete., is increased almost exponentially with the 
number of elements or links in the system. The many 
continuing problems, together with the stream of im- 
provements being devised, and new materials being 
employed, promise a busy and fruitful future for the 
field of instrument engineering. 

It would be an interesting but endless task to 
enumerate possible and expected developments in the 
many types and classes of instruments and control 
In a brief 
compass, only some of the general lines in which prog- 
ress appears in the making may be listed. 


devices for general and special purposes. 


1. It is easy to foresee an increased recognition for 
the science of instrumentation. Except for atomic 
energy, the development and application of instru- 
mentation probably have greater potential material 
significance for our age and our civilization than any 
other factor on the contemporary scene. This seems 
valid militarily, industrially, and scientifically. 

2. We may expect an accelerated trend toward 
educating scientists and technologists in instruments 
and instrumentation, so that within a few years ae- 
credited colleges of science and technology will have 
required survey courses in instrumentation for all 
undergraduates, as well as specialized courses on in- 
struments in the specialized fields of engineering and 
science. 

3. The foregoing factors will accelerate the present 
rapid rate of improvement in devices and materials, 
in methods and techniques for recording, transmission, 
especially telemetering, and in control systems, and 
in data reduction and analysis. Many of these im- 
provements will probably result from intensive studies 
of the general factors in the control cycle which are 
entirely independent of the particular magnitude to 
be measured. 

4. Extensive improvement in the classification of 
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fields of instrumentation, of instruments, the uses of 
instruments, and the problems associated with instru- 
ment design and utilization is inevitable. More ef- 
fective indexing, abstracting, and publication of in- 
formation are assured in this field. Systematic sur- 
veys will be made of classes of instruments to deter- 
mine their limitations and their potentialities and to 
extend their usefulness into other fields of measure- 
ment beyond those now being explored. Similar sur- 
veys of classes of measurement will help to indicate 
weaknesses in the design, construction, or operating 
principles of available instruments, and thus lead to 
intensive efforts for their improvement. Furthermore, 
systematic surveys of all physical principles useful 
for sensing, amplifying, recording, or for any other 
step in the measurement cycle will undoubtedly lead 
to a considerable increase in the already rich field of 
possibilities available to the instrument designer. 

5. One may confidently predict also an increasing 
growth in the instrument industry, as both science 
and technology become even more dependent on large 
numbers of a large variety of instruments. 

6. Finally, one may confidently anticipate an ae- 
celeration and continuation of the fruitful cross-ferti- 
lization of the various sciences that results from the 
development of instruments. One need only list a 
few of the instrumentally based fields that have, in 
the past decade, grown far beyond theiy modest be- 
ginnings to realize that this is only a start: spectro- 
photometry, mass spectrometry, microwave spectrom- 
etry, radioactivity 
measurements, analogue computers and simulators, 
high-speed digital computers, magnetic recording, 
ultrasonics. Who ean say what new instruments, and 
from them what new sciences, 1960 will see? 


nuclear resonance techniques, 
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Sectioning of Tissue for Electron Microscopy’ 


James Hillier and Mark E. Gettner 


RCA Laboratories, Princeton, New Jersey and 
Sloan-Ketter/ng lustitute for Cancer Research, New York City 


EASE AND BAKER (3) made a major con- 
tribution to the use of the electron microscope 
when they showed that it is possible to cut 
sufficiently thin sections of tissue by relatively 

simple modifications of conventional microtomes and 
techniques. The early results obtained by these work- 
ers and by others who have followed their technique, 
or modifications of it, have shown, however, large-scale 
and obvious artifacts that detract considerably from 
their value to the cytologists and pathologists who 
might ultimately be interested. Since these artifacts 
were somewhat greater than are normally encountered 
in conventional light microscopic techniques, it could 
be anticipated that they arose either in the ultra-thin 
sectioning or in the subsequent handling of the 
specimens. 


IMPROVEMENTS IN ULTRA-THIN SECTIONING OF TISSUE 


In the present work an analysis was made of these 
aspects of the Pease and Baker technique in order to 
identify and eliminate the sources of the artifacts. 
The results of the analysis are presented briefly in the 
following pages, but a more detailed report will be 
presented elsewhere (2). 

Since the aim of the present research was to study 
the cutting and mounting of the sections, an attempt 
was made to eliminate the variables involved in the 
selection, fixation, and embedding of the tissue by 
studying a single set of blocks originating from one 
piece of tissue. As the best micrographs in the lit- 
erature appeared to be those in Pease and Baker’s 
original work, the same type of specimen and iden- 
tical embedding techniques were adopted. The speci- 
men® consisted of a normal mouse liver perfused for 


1 This work was sponsored, in part, jointly by the Office of 
Naval Research under Contract No. N6-ori-99 Task Order I 
and the Atomic Energy Commission, and, in part, by the 
Lillian Babbitt Hyde Foundation. The electron microscope 
used was supplied through the kindness of New York Uni- 
versity. 

2 Based on a paper presented at the Washington, D. C., 
meeting of the Electron Microscope Society of America, Oc- 
tober, 1949 (Abstracts 13 and 14, J. App. Phys., 1950, 21, 67). 

8 The authors wish to thank J. J. Biesele and J. A. Jacquez 
for providing carefully prepared specimens and for their 
many helpful discussions. 
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24 hours with 1 percent osmium tetroxide in physio- 
logical saline. It was then cut into pieces a few milli- 
meters on the side. These were dehydrated through 
aleohol, embedded in 12 percent collodion, hardened 
with chloroform, cut into 1-mm eubes, mounted and 
impregnated with 60° paraffin. Since all the steps 
were carried out simultaneously, the only likely varia- 
tion would result from the low penetrating power of 
the osmium. The results indicated that the fixation 
was quite uniform. Having uniform blocks eliminates 
a large number of variables and greatly simplifies the 
sectioning problem, which can then be divided into 
three distinctly separate steps to be considered inde- 
pendently. These are (1) the advancing of the block 
by uniform and specified amounts, (2) the cutting of 
the sections, and (3) the mounting of the sections. 

1. Block advance. In the Spencer rotary micro- 
tome, unmodified except for the changed angle of the 
inclined plane, the variations in block advance had a 
mean value between 0.1 » and 0.24. These variations 
were found to be due to external vibrations, irregulari- 
ties introduced by manual operation, statie friction in 
the screw and associated parts, and statie friction in 
the horizontal slides. To eliminate these effects, the 
following changes were made: (a) A motor drive with 
a vibration-free coupling was added. (b) The unit 
advance was set at 0.02 , so that the motions in the 
serew, screw bearings, and pointer bearings were all 
large for normal section thicknesses of 0.2 p. This 
also reduced the effect of inaccuracies in the screw. 
(c) Ninety percent of the weight of the inclined plane 
and the attached block support was removed from the 
horizontal slides by means of a leaf spring. In the 
microtome used, there is a horizontal excursion of the 
block amounting to 300 u in each eyecle, which removes 
most of the static friction from the horizontal slide 
system. The last modification reduces the static fric- 
tion that enters when the horizontal movement of the 
block stops at each end of the eutting eycle. As a 
result of these modifications, the variations in the 
magnitude of the advance have been reduced to less 
than 0.01 

Thermal drifting of the block introduces some error 
of calibration but does not produce variations in thick- 
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uess when the microtome is motor-driven. The change 
in calibration was found to be negligible if lights and 
drafts were kept from the instrument. To check for 
thermal drifting, it has been found most convenient 
to retract the block a known number of cycles while 
the sections are being cut, and to observe whether 
the first new cut is made on the correct cycle. By 
noting the error and its polarity, it is a simple matter 
to compute the true amount of the advance. It is now 
considered that the thickness of the layer removed 
from the block is known to within 10 percent. 

2. Cutting. Very little reliable information has yet 
been obtained with regard to the optimum values of 
the various parameters that concern the actual cutting 
of the block. In the work presented here, commer- 
cially sharpened knives were used and proved reason- 
ably satisfactory for 0.2 u sections, though a smaller 
number of localized defects in the edges would be 
desirable. Contrary to the experience of Pease and 
Baker (1), the cutting was found to be very insensi- 
tive to the angular setting of the knife. This may be 
due to the use of the liquid-reservoir method of ecol- 
lecting specimens. The remaining aspects of the cut- 
ting that were studied are described below and in the 
more detailed papers (3). 


Fic. 1. Normal mouse liver fixed by perfusion with 1% 
osmium tetroxide in physiological saline. Section thickness 
0.2. Embedding was completely removed and replaced by 
thin collodion membrane for support. Note general distor- 
tion of cytoplasmic components leaving open network struc- 
ture. Approximately x 2500. 


3. Mounting sections. In the early work, the most 
generally used method of mounting sections after cut- 
ting was to remove the embedding materials with ap- 
propriate solvents and to replace them with a very 
dilute collodion solution that acted as a support for 
the dried tissue sections. A study of a few serial 
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Fic. 2. Same specimen and section thickness. 
case embedding was completely removed and replaced with 
sufficient collodion to provide film slightly thicker than sec- 
tion. The surface tension effects producing the distortions 


In this 


in Fig. 1 are now absent. However, comparison with Fig. 
3, B shows that finer particles have migrated and attached 
themselves to the coarser structures. Note increased thick- 
ness of the cell and nuclear membranes, and general matting 
of the cytoplasmic structures. Approximately x 5000. 


sections quickly revealed that the surface forces acting 
on the tissue in this method produced a typical dis- 
tortion that was very often large-scale and was pri- 
marily responsible for the defects observed in the 
early work (Fig. 1). This was modified by replacing 
the embedding material with an amount of collodion 
that would dry to a film somewhat thicker than the 
section. This eliminated the distortions caused by 
surface forces, but greatly reduced the contrast obtain- 
able in the electron micrographs. Contrast was im- 
proved by the use of longer focal length objectives 
with small limiting apertures (50 » diameter). How- 
ever, successive serial sections still revealed changes 
that appeared to be due to a migration of the unsup- 
ported smaller structures during the dissolving of the 
embedding medium (cf. Figs. 2 and 3B). This dis- 
covery led to the simplest and most effective of all the 
techniques, namely, giving the sections no treatment 
whatever. 

The present technique consists of mounting a 200A 
clear collodion membrane on a square inch or more of 
200-mesh copper sereen (etched to give more than 50 
percent open area) and, after drying, using appro- 
priately sized pieces of it to lift the sections directly 
from the liquid in the reservoir. The extra collodion 
membrane serves to anchor the sections to the screen. 

With these techniques a large number of very con- 
sistent micrographs of the mouse liver have been ob- 
tained. Fig. 3 is a typical example. Some artifacts 
are still intreduced, consisting mainly of “knife 
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Fic. 8. A, same specimen and section thickness. In this case the section was mounted without treatment. “Knife 
marks” and occasional slight folds represent the only artifacts of sectioning in this relatively large field. Approximately 
x 1400. B, same specimen, section thickness, and treatment as in A. Note extreme fineness of nuclear membrane in com- 
parison with Fig. 2. Note also individual cell membranes for adjacent cells and multitude of cytoplasmic structures. The 
heavy line at the top right-hand corner is a fold. The more diffuse broad band in the lower left-hand corner is a defect 
introduced by the dense granule at the inner end. Approximately x 3100, 


marks,” occasional folds, and local deformations 
caused by different cutting properties of parts of the 
tissue, especially near large blood vessels. Most of 
the artifacts do not interfere with the correct inter- 
pretation of the images. However, there is, as yet, 
no control on the artifacts introduced by the fixation 
and embedding of the tissue. Preliminary trials of 
the technique on other material have given varying 
degrees of success. They indicate the need to adjust 
the embedding to the hardness of the tissue being cut, 
and to employ sharper knives. 


SERIAL SECTIONS 


When a Spencer rotary microtome (No. 820) is 
modified according to the method described by Pease 
and Baker (3) to cut sections of the thickness suitable 
for examination by means of the electron microscope, 
serial sections cannot be cut in the conventional way. 
However, the necessity of having serial sections is 
apparent when one considers that more than 100 see- 
tions are required to survey a single cell. Further- 
more, serial sections provide the most direct indica- 
tion of the artifacts introduced by the sectioning and 
mounting procedures. 

The failure of the Pease and Baker technique to 
provide serial sections is a result of the extreme 
flexibility of the thin sections, which allows them to be 
rolled and folded by the slightest resistance encoun- 
tered after being cut. Subsequent spreading and flat- 
tening of a number of consecutive sections on a liquid 
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surface are exceedingly difficult, if not impossible, and 
are further obstructed by the destruction and adhe- 
sions produced by removing the dry group of sections 
from the edge of the blade. In the present work these 
diffienlties have been largely overcome by bringing a 
liquid surface to the cutting edge of the knife, and 
by. allowing the sections to float to the surface of the 
liquid as they are cut. When the surface tension and 
level of the liquid are adjusted properly, the sections 


Fic, 4. Photograph of the liquid reservoir as attached 
for actual cutting. Also shown is a modification of the 
microtome, which permits a more critical initial adjustment 
of the knife. The illuminator shown in this photograph was 
found to introduce intolerable thermal drifting and is no 
longer used. 
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are kept full-extended, and long ribbons of sections 
are obtained ready for mounting (2). 

The liquid is contained in a reservoir, which is 
clamped on the knife between its supports (Fig. 4). 
It consists of a trough machined from aluminum. The 
knife acts as the end wall of the reservoir, the seal be- 
tween it and the trough being provided by a gasket 
fitted into a groove around the end of the trough. 
Two levers with hooked ends that pass under the knife, 
and two screws acting on the opposite ends of the 
levers, comprise the clamping mechanism. It is ob- 
vious that the reservoir must extend somewhat above 
the edge of the knife, and that the seal between the 
reservoir and the knife must reach the edge. As 
might be expected, this leads to some impairment of 
the edge at the point where the gasket is pressed 
against it, but the defect introduced is slight and is 
removed by normal sharpening. 

The specimens used in the present work were doubly 
embedded in collodion and paraffin. Forty percent 
aleohol proved to be the most generally satisfactory 
liquid, though it was found desirable in many eases to 
adjust the concentration. The optimum concentration 
for a given situation has always fallen within the 
range 20-60 percent. Dioxane in water in concentra- 
tions of less than 50 percent has been found best in 
some cases, but some doubt remains as to the effect 
of the dioxane on the sections. Some corrosion-re- 
tarding agent should be used in the liquid, particularly 
in the ease of dioxane in water. The addition of one 
part per thousand of chromglucasate has been very 
satisfactory for this purpose. The criteria for the 
adjustment of the concentration of the liquid have 
been developed from continuous observation of the 
cutting through a stereoscopic microscope (x 27) and 
from correlation with the quality of the sections, as 
judged in the light and electron microscopes (x 400 
and x 1000-5000), respectively. 

Another important parameter in the adjustment of 
the liquid is its level relative to the edge. It has been 
found empirically that the best sections are obtained 
when the level is maintained as high as possible. The 
limiting condition in this regard is that the block must 
remain dry for a sufficiently long series of sections. 
It is further determined by a number of factors relat- 
ing to the nature of the tissue, its fixation, its em- 
bedding, the sharpness and cleanliness of the knife, 
the clearance angle, and the nature of the liquid. The 
correct level is found by raising the height of the 
liquid slowly as sections ate being cut and observed 
at a magnification of at least nine times. When the 
level is slightly too high, a small area will be wet by 
the liquid. Moreover, the wet area will increase with 


each successive cut. It is a simple matter to achieve 
this condition and then to lower the level until the wet 
area diminishes and disappears. If, by accident, the 
entire face of the block gets wet, the situation can be 
corrected by lowering the level of the liquid approxi- 
mately 1 mm below the edge of the blade until the 
sections appear dry. The correction can be hurried 
by drying the back of the knife and the face of the 
block with absurbent cotton. 

This system of collecting specimens as they are cut 
has fulfilled very satisfactorily its intended purpose 
of providing serial sections. It has also made two 
unexpected but weleome contributions to the program, 
in that it provided sensitive criteria for detecting 
irregularities in the performance of the advancing 
mechanism of the microtome and for judging the 
quality of the sections even before they are examined 
in the electron microscope. It is the practice in this 
laboratory to examine sections at magnifications of 
nine times or twenty-seven times as they are eut. It 
was soon realized that for a given knife, block, liquid, 
ete., the length of a floating section (measured in the 
direction of cutting) or, conversely, the apparent com- 
pression is a sensitive criterion for the thickness of 
the layer removed from the block—that is, the magni- 
tude of the advance. Since, by this means, any ir- 
regularities in the magnitude of suecessive advances 
(as small as 5 percent) are immediately observable, it 
is a relatively simple matter to identify and eliminate 
the various sources (2). 

Continuous observation of the sections as they are 
eut and correlation with the results obtained in the 
electron microscope showed that satisfactory sections 
appear on the surface of the liquid instantaneously 
and completely extended, as each eut is made. More- 
over, they appear quite transparent and almost in- 
visible. On the other hand, an unsatisfactory section 
seems to slide slowly to the surface from a folded con- 
dition near the edge of the knife, and it never attains 
the transparency of the satisfactory sections. It has 
also been found that the height to which the liquid can 
be raised without wetting the block is a good criterion 
of section quality. No good sections have been ob- 
tained when difficulty has been encountered in achiev- 
ing a plane or convex meniscus, though it is not to be 
implied that such a meniseus is necessary to success- 
ful cutting. 
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Technical Papers 


The in Vitro Production of Cortisone 
by Mammalian Cells 


Harry Seneca, Eric Ellenbogen,! Edward Hendersoa, 
Alice Collins, and Joyce Rockenbach 


College of Physicians and Surgeons, 

Co!'umbia University, New York C'ty, 

ard Scher'ng International Research Institute, 

Blcomfield, New Jersey, and Rio de Janciro, Brazil 
Reeently favorable clinical results were obtained 

throug': the combined use of desoxycorticosterone acetate 

and ascorbie acid in the treatment of rheumatoid arthri- 


tis in Europe and Ameriea (1, 2, 8,4). It was reasoned 


were devised where the cortical tissue obtained from 
healthy animals was incubated in suitably enriched media 
with desoxycorticosterone. The steroids? were extracted 
from the medium and tested chemically by the paper 
chromatography method of Zaffaroni, Burton, and Keut- 
man (4). 

The culture medium used in these experiments con- 
tained eyual amounts of Penassay broth (Difeo) and 
Seneca hemoflagellate broth (6), adjusted to pH 7.5 with 
Na.HPO,. Fifty to 100 ml of this broth was put in 
250-m!l Erlenmeyer flasks and autoclaved. After cooling, 
human plasma was added to make 10% of the medium. 
To the first flask the f:llowing vitamins were added 
under sterile conditions: 1 ml of 10% aseorhie acid (100 
mg), 2.5 ml of 1% thiamine hydrochloride (25 mg), and 


TABLE 1 


PRODUCTION OF CORTISONE FROM DESOXYCORTICOSTERONE BY VARIOTS TISSUES INCUBATED 
IN ENRICHED SENECA-PENASSAY BROTH 


Flask No. 8 2 1 7 3 5 6 4 
poc 
poc boc Gluta- 
poc Gluta- 
Vit. c thione 
Do Vit.c poc thione 
Vit. poc Vit. C 
Tissue poc Vit. Gluta- Vit. Cc 
Vit.c B,B,B, Insulin Vit. 
B,B,B, thione Vit. 
Nic. Ac. B,B.B 
Nic. Ac B,B.B. gg 
insulin Fy, Nic. Ac. 
Nic. Ac. 
insulin 
Adrenal +or- + ++ +44+ +++ - 
Liver +or ++ 
Testis + Or ++ 
Kidney + 
Ovary -or+ 


Cardiac muscle 
Striped muscle 
Spleen 

Lung 

Brain 

Thyroid 

Bone marrow 
Pancreas 
Placenta 
Prostate 


++++ = positive in over 75% of tissue or gland tested. 


t+H+ = in over 50% of “ 
++ = in 25 to50% of 
+= in about 25% of “ 


+or—=occasionally positive. 
-=no production of glucocorticoid. 


that oxidizing and reducing agents, especially in conjunc- 
tion with the oxidation-reduction enzyme systems of the 
adrenal cortical cells, probably could synthesize cortisone 
from desoxycorticosterone or its precursors. Experiments 


1U. S. Public Health Service Postdoctorate Research Fellow. 
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0.5 ml 1% riboflavin, 1% pyridoxine, and 1% nicotinic 
acid (5 mg each). To the second flask 1 ml of 10% as- 
corbie acid (100 mg) was added; to the third flask, 5 units 
of insulin; to the fourth, all vitamins, plus 5 units 
insulin; to the fifth, 0.5 ml of 1% glutathione (5 mg) ; 
to the sixth, 5 mg glutathione and vitamins; to the sev- 
enth, 5 units insulin, 5 mg glutathione, and all vitamins. 
The eighth flask was control, containing only broth. To 


2 The steroids were obtained through the courtesy of Scher- 
ing Corporation, Bloomfield, N. J. 
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all the flasks, 15 mg of desoxycorticosterone was added. 
Desoxycorticosterone in 150-mg quantity was dissolved in 
33.4 ml propylene glycol and 16.6 ml distilled water. 
Autoclaving readily dissolved the steroid and sterilized 
it. Five ml was added to each flask. 

The adrenal glands of cats, dogs, rats, guinea pigs, and 
chickens were removed under sterile technique while the 
animals were under ether anesthesia. Half a human 
adrenal from a case of Cushing syndrome removed by 
operation was also tested. Immediately following the 
removal, with the least lapse of time and manipulation, 
the glands were sliced with a sharp razor blade into 3 or 
4 longitudinal slices, and placed in the flasks containing 
the medium and ingredients. To prevent bacterial con- 
tamination, 10,000 or 50,000 units of penicillin G were 
added. The flasks were incubated at 37° C, and every 
48 hr the medium was replaced by freshly made broth 
and ingredients, on three occasions. 

In another series of experiments, slices of the kidney, 
liver, ovary, testis, cardiac muscle, striped muscle, spleen, 
lung, brain, thyroid, bone marrow, and pancreas of the 
cat, dog, and rat, as well as human placenta and human 
prostate, were incubated in broth containing 15 mg des- 
oxycorticosterone, 100 mg ascorbic acid, 25 mg thiamine, 
5 mg pyridoxine, 5 mg riboflavin, 5 mg nicotinic acid, and 
5 units of insulin. The broth in the flasks with the gland- 
ular tissue was kept sterile by the addition of penicillin G. 
The medium was changed every 48 hr on three occasions 
by substituting freshly made medium. 

Fresh adrenals, kidneys, testis, and human placenta 
were separately tested for the presence of cortisone. The 
glandular tissue was ground up with glass sand in a 
mortar and extracted with either 20% trichloracetie acid 
or N HCl, or both, for 25 hr at 37° C. It was then 
extracted with ether, N/10, NaOH and then N HCl. 
This neutral extract was then tested for the presence of 
cortisone by paper chromatography. 

Each sample of broth obtained from the culture flasks 
every 48 hr was tested for the presence of cortisone. 
Samples of the adrenal gland were removed at 24-hr in- 
tervals throughout the period of incubation and preserved 
in 10% formalin for histological studies. The broth was 
first adjusted to pH 1 with N HCl. The proteins were 
then precipitated with 20% trichloracetic acid. The 
supernatant and the precipitate were then extracted sepa- 
rately with ether, and then the extracts were combined, 
washed with N/10 NaOH and then N HCl, and finally 
evaporated to about 5 ml. The extracts were then tested 
individually for the presence of cortisone by the propy- 
lene-toluene chromatography method at the end of 72 hr, 
by spraying with 5% potassium iodide and 0.3% iodine 
solution. 

The following results were obtained in these experi- 
ments: 

1. Extracts of adrenals, liver, kidneys, t~stis, and hu- 
man placenta were negative for cortisone. Table 1 shows 
the result of incubating various tissues with desoxycorti- 
costerone, vitamins, and insulin. 

2. Incubation of adrenal in media containing desoxy- 
corticosterone, insulin, ascorbic acid, thiamine, pyridoxine, 
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riboflavin, and nicotinic acid gave the most constant and 
potent paper chromatography test. Most of the positives 
were obtained in the second sample of broth. It was 
almost always negative in the first 48 hr of incubation. 
Positive results were also obtained in the third sample 
of broth. 

3. Desoxycorticosterone plus adrenal gland and insulin 
gave the second highest positive; vitamin B complex was 
next, followed by ascorbie acid, although sometimes 
simple incubation of adrenals with desoxycorticosterone 
also yielded positive results. 

4. When desoxycorticosterone and adrenal gland were 
incubated with glutathione, or with glutathione, insulin, 
ascorbic acid, and vitamin B complex, the results were 
consistently negative. 

5. Positive chromatograms were obtained in a third of 
the experiments where the liver or testis was incubated 
with desoxycorticosterone, insulin, ascorbie acid and thia- 
mine, riboflavin, pyridoxine, and nicotinie acid. The kid- 
ney and, to a lesser extent, the ovary also gave positive 
chromatograms. 

6. All the other tissues tested gave negative results. 

7. The adrenals of the cat and man (one case tested) 
gave the highest positives, followed by those of the dog, 
rat, and guinea pig, in the order cited, whereas the adrenal 
of the chicken was always negative. 
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On the Detection of Intracranial 
Pathology by Ultrasound 


H. T. Ballantine, Jr., R. H. Bolt, 
T. F. Hueter, and G. D. Ludwig 


Acoustics Laboratory, 
Massachusetts Institute of Techno'ozy, Cambridge 


This report deals with the initial progress of a long- 
range program on the application of ultrasonie techniques 
to medical problems (7). An immediate goal is the de- 
tection and localization of intracranial tumors and cere- 
bral anatomic abnormalities. 

There are two basic methods of using ultrasound for 
diagnosis. One uses echoes reflected from interfaces 
within an object, the other utilizes selective transmission 
through an object. In either method the useful range 
of vibration frequency appears to be of the order of a 

tA report from the Medical Acoustics Research Project, 
being undertaken collaboratively by MIT and the Massachu- 
setts General Hospital, and supported by funds from an In- 
stitutional Grant to the Massachusetts General Lospital from 
the American Cancer Society and a grant from the Salbma- 
rine Siznal Division of the Raytheon Manufacturing Company 
to MIT. Presented, in part, at a meeting of the American 
Neurvlogical Association, Atlantic City, N. J., June 12, 1950. 
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few megacycles per second, and ultrasvund in this range 
is conveniently generated and detected by piezoelectric 
crystals. A comparative study of these two approaches 
has led us to investigate first the transmission method. 

The rationale for attempting to employ such a tech- 
nique for the detection of intracranial lesions is based 
on the following facts: When a beam of ultrasound is 
sent through a portion of tissue, the amount of energy 
that arrives at a receiver is influenced by absorption 
along the path, by refraction and scattering, and by 
reflections at any intervening interfaces. These acoustic 
variables in turn are determined by such physical prop- 
erties of tissue as density, elasticity, homogeneity, and 
viscosity. 

The influence of these different properties of living 
matter on high-frequency sound waves is not generally 
the same as on other forms of physical energy, such as 
the electromagnetic radiation of x-rays. The attenuation 
of ultrasound as it traverses the fluid-filled ventricles is 
less than that through cerebral tissue. Utilizing this 
property, Dussik et al. (2) have obtained ultrasonic ven- 
triculograms on a large number of patients. The purpose 
of our work is to refine and extend this method, and to 
study the hasie physical and physiological problems in- 
volved. 

At present x-ray evidence of distortion of the ven- 
tricular system is of great value in the diagnosis of 
neurological disorders. To obtain this information, how- 
ever, the ventricular fluid must be replaced by air. A 
method that would yield substantially the same informa- 
tion, but without the necessity for air injection, would 
constitute a distinct improvement over present techniques. 

It has also been shown that ultrasound may produce 
tissue damage. The skin, for example, will be injured 
by a minimum intensity of 5 w/em* peak, if continuous 
irradiation is applied to a given area for 10 min at a 
frequency of 800 ke (3). Pain, which seems to come 
from deep within the tissues and is presumed to originate 
at the periosteum, will oceur when an intensity of 2 w/em? 
peak is applied for 40 sec at this same frequency (4). 
Below 1.8 w/em? no pain is caused, irrespective of the 
duration of irradiation. The Dussiks were able to record 
a received signal from a beam of transcranially trans- 
mitted ultrasound the intensity of which at the trans- 
mitter was about 1 w/em*. They report no evidence of 
brain damage from the use of this intensity on more 
than 200 patients. On a theoretical basis this seems 
likely, because ultrasound at a frequency of 800 ke is 
attenuated about 30 db as it travels through scalp, sub- 
cutaneous tissue, and skull; the intensity that reaches 
the first cortical layer of the brain is so low that, ac- 
cording to all available evidence, it would be incapable 
of damaging living tissue, regardless of the duration of 
application. 

Nevertheless, we have been unable to find experimental 
evidence as to the maximum intensity and duration of 
application that can be applied to a given area of nervous 
tissue without producing interrupticn of function (4). 
We are in the process of investigating this problem and 
to date have irradiated transdermally 2 dogs, a cat, and 
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Fic. 1. Attenuation measurements in fresh hog-brain: 
A through whole brain including cortical convolutions; B, 
through blocks of white matter. 


2 human subjects. The 2 dogs were exposed to ultra- 
sound at a frequency of 2.4 Me. In one, an intensity 
of 3 w/em? was applied for 11.5 min; in the other, an 
intensity of 1.5 w/em*? was applied for 15 min. In 
neither animal was histological evidence of brain damage 
found. 

The cat was exposed to a frequency of 800 ke at an 
intensity of 15 w/em* for 5 min. Electroencephalo- 
graphic recordings taken during the period of radiation 
showed no pathological changes. The animal suffered 
superficial scalp necrosis but showed no evidence of 
neurological deficit. 

The 2 human subjects were also irradiated by placing 
the 800-ke transmitter in contact with the scalp and using 
electroencephalographie control. Peak intensities of the 
order of 5 w/em? (2 w/em?® average over the irradiated 
surface) for periods up to 9 see were sufficient to cause 
moderate scalp pain but did not alter the pattern of 
the EEG. 

Since the success of the transmission method depends 
basically on whether there is sufficient difference in the 
attenuation of ultrasound as it passes through cerebral 
tissue with and without ventricle, measurements of at- 
tenuation in tissue, including brain, have been made with 
frequencies of 1.25 Me and 2.5 Me (6). Fig. 1 shows the 
attenuation of fresh hog brain as a function of sample 
thickness. Curve A represents measurements on whole 
brain, curve B measurements on blocks of brain tissue 
containing white matter only. Average attenuation in 
A is 4 db/em, and in B it is 1.7 db/em. Measurements 
on human brain are in agreement with these findings. 
Ultrasound at these frequencies is attenuated about 50 
db/em by the bones of the skull. 

The interposition of the ventricular system in the path 
of an ultrasonic ‘‘beam’’ that is scanning the brain 
increases the energy received by amounts up to 20 db 
(a factor of 10 in voltage). This differential is more 
than sufficient to indicate the position of the ventricles. 

In the apparatus used for these measurements, a pencil- 
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shaped ultrasonic beam is generated by a barium titanate 
transducer, which is driven by a stable e-w transmitter, 
modulated with 1,000 eps. This transducer has a rectan- 
gular aperture of 1 em* and is mounted in a water tank 
opposite a receiver crystal (quartz) of variable aper- 
ture. The test object is supported between the 2 probes. 
The received signal is amplified, demodulated, and fed 
into a sound level recorder. 

In one of our experiments a formalin-fixed brain was 
scanned by the ultrasonic beam. The line of sean was 
marked by small lead pellets, the ventricular system in- 
jected with diodrast, and a lateral radiograph obtained. 
Fig. 2 shows the degree ot correlation achieved between 


ANTERIOR HORN POSTERIOR HORN 


OF LATERAL OF LATERAL VENTRICLE 

VENTRICLE 
e d c 
\ 4 eal 
x 
A 

PORTION — 
OF THIRD \ 
VENTRICLE CEREBELLUM 

w> a 

ea 

<c 

cise 

Se 

2a 

-o 

e d c b a 
Fic. 2. Correlation between x-ray ventriculogram and 


utlrasonogram. 


the two methods. The upper half of the illustration is 
a drawing of the brain specimen, with shading of those 
areas of the ventricular system most capable of being 
filled by diodrast. The line 2-x is the line of sean, and 
the lower half of the figure is a reproduction of the 
sound level recording. At first the received signal is high 
in consequence of the decreased path through the tips of 
the frontal lobes. As they begin to inerease in size, 
signal strength diminishes until the anterior horns of 
the ventricles are reached at e. The two peaks C and B 
on the ultrasonogram correspond to the shaded areas to 
the left and right of point d. The strong signal at C 
indicates the position of the largest portion of the an- 
terior horns of the ventricles. Decreased signal strength 
appears at c and b as the sound beam passes out of the 
ventricles. At A another strong signal appears as the 
posterior portion of the lateral ventricles is partially 
traversed. To the right of a the signal strength again 
increases because of the decreasing path through the 
occipital lobes. In transcranial scanning this is com- 
pensated for by a greater energy loss resulting from 
oblique incidence of the rays as they strike the frontal 
and occipital regions of the skull. 

Fig. 3 is a record taken on a living human subject in 
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One dimensionel Scan-AP 


Fic. 3. Recording of live subject made in the unmodified 
tank, showing masking effect of reverberation. 


an anterior-posterior direction. Symmetrical peaks that 
are believed to be significant appear on either half of 
the record. There is, however, a considerable amount of 
background ‘‘noise’’ from reverberant sound, and the 
attenuation caused by the skull is sufficient in some 
cases to bring the received signal down to levels below 
the reverberant intensity. Therefore, the tank had to be 
subdivided into 2 compartments sonically insulated from 
each other by the head. The new arrangement shown in 
Fig. 4 prevents leakage of reverberation from the trans- 
mitter compartment to the receiver compartment, both 
of which are lined with absorbent material to damp the 
undesired waves. 

A simple recording device has been added to this ap- 
paratus in order to produce a contrast recording of a 
two-dimensional sean of the brain. We have been able 
to portray crudely the position of the ventricular systems 
of 3 normal subjects using this apparatus. No pain or 
other untoward effect has been produced. The intensity 
employed was less than 1 w/em* at a frequency of 


2.5 Me. 
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Fic. 4. Schematic diagram of tank for scanning brain of 
live subjects. 


These investigations have demonstrated that an ultra- 
sonic transmission method can yield ventriculograms with- 
out air injection by utilizing a level of intensity below 
any known threshold of pain or damage. The possi- 
bility also exists that types of brain tumors which exhibit 


| 
| 
| 
y 
n 
n | 
n | 
| 
d 
of 
se 
of 
1s 
he 
al 
it- 
th 
he 
le 
le 
ue 
in 
ts | 
rs. 
50 
th 
in 
ib 
re 
28. 
il- 
12 527 


a sufficient degree of either calcification or cyst forma- 
tion may be detected directly if there is sufficient dif- 
ference in attenuation of ultrasound by these tumors in 
comparison to normal cerebral tissue. To establish the 
ultimate capabilities and limitations of ultrasonic meth- 
ods, we are pursuing a number of fundamental studies on 
the behavior of ultrasound in biolegical tissues. 
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A Slicer for Sampling Liquids* 


M. L. Rando!ph and R. R. Ryan? 


Biophysics Laboratory, 
Tulane University, New Orleans, Louisiana 


A mechanical slicer has been developed for sampling 
various levels of liquids contained in plastie tubes. This 
technijue obtains small, accurately determined samples, 
with a minimum of stirring, and with high volumetric 
recovery. 

Fig. 1 presents two views of such a slicer designed for 
¥%-in. diameter plastic tubes of 8.2-ce capacity used in a 
quantity ultracentrifuge. The plastic tube 7, filled with 
lijuid to be sampled, is held by clamps C in plastic plates 
P and @ just above and below the desired level of divi- 
sion. A very thin (.007-in.) knife blade B made from 
razor blade stock* is carried in a rigid frame F, which 
slides in ways IV machined in the plates. This frame is 
moved by a lever L. The sharpened edge of the blade 
cuts the tube wall, and the flat body of the blade serves 
as a sealing partition between the upper and lower levels 
of liquid. The plates are held together by two com- 
pressed springs CS adjusted to prevent leakage of the 
liquid above the blade. The upper liquid sample is re- 
moved with a hypodermic syringe or pipette. The clamps 
are loosened, the top section cf the plastic tube is re- 
moved, and the blade withdrawn. A serew drive D, 
carrying an indicator J, which reads against a fixed scale 
S, raises the remaining portion of the tube to the level 


1 This work has been supported in part by a grant from 
the Committee on Growth, acting for the American Cancer 
Society. 

2 We wish to express our appreciation to R. H. Turner and 
his group for the suggestion of this device and for encour- 
agement during its development. 

® We are grateful to Howard Gambrill, Jr., of the Gillette 
Razor Blade Company, Boston, Mass., for this stock. 
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of the next slice, and the entire operation is repeated. 

In order to prevent loss of liquid because of capillary 
action if surfaces become wet, a nonwetting grease is 
spread over the knife blade and other parts near the tube. 
We have used a mixture of 3 parts vaseline to 1 part 
mineral oil for this purpose, although probably a silicone 
grease is preferable. Sinee such greases are almost in- 
soluble and chemically inert, this procedure will seldom 


affect subsequent analyses of the samples. Grease cups 


F 


INCHES 
-3 


Fic. 1. 


G, tapered to fit a hypodermic syringe, permit adding 
grease ut any time. 

For stability, the device is held in a heavy vise or 
bolted to a workbench. None of the dimensions is criti- 
eal save that the plates must bear against the blade to 
insure proper slicing. In our instruments, each of the 
springs exerts a force of about 15 pounds. Our plates 
are made from %-in. Plexiglas, with tapered pins A to 
insure alignment. 

Using this technique to sample groups of three 8.2-ce 
tubes of ultracentrifuged serum, we recover about 92% 
of the liquid when dividing each tube into 10 samples. 
Part of the volume lost remains on the walls of the 
plastic tube and part in the 10 hypodermic syringes used. 
These residues are increased by the high viscosities in the 
lower regions of each tube, where we find 30g% of pro- 
tein. Sampling similar tubes filled with water and using 
only one syringe, we recover 99% or more of the volume. 
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Effects of Different Preincubation 
Temperatures on the Hatchability of 
Pheasant Eggs 


Ralph E. Yeatter 


Illinois Natural History Survey, Urbana 


Although there has been much speculation as to the 
cause of widespread failure of pheasants, Phasianus,’ to 
become established in the southern United States, no field 
studies of the limiting factors in or near the unoccupied 
zone have been reported. Climatographie studies have 
given evidence that the breeding ranges of several intro- 
duced birds may be limited by meteorological influences. 
Twomey (6) showed similarities of temperature and rain- 
fall in the European and North American ranges during 
breeding seasons of the European skylark, Alauda arven- 
sis, and the Hungarian partridge, Perdix p. perdix. Ben- 
nitt and Terrill (2) reported that the southern limit of 
pheasant range east of the Great Plains follows closely 
Thornthwaite’s line separating microthermal from meso- 
thermal climates. Graham and Hesterberg (4) showed 
that means of ten:perature and rainfall in different parts 
of the optimum pheasant range in the United States are 
very similar during April and May, when the peak of 
nest establishment occurs, even though they may be at 
wide variance during the remainder of the year. These 
authors postulated that in southern latitudes very young 
pheasant embryos are killed by intense insolation of the 
exposed eggs while the clutches are being laid. 

In the north-central region, highest pheasant popula- 
tions occur in the northern tier of states and in the 
northern parts of Iowa, Illinois, Indiana, and Ohio. 
Hatching there usually reaches a peak during the first 3 
weeks of June (often followed by another peak when a 
large portion of the early nesting attempts are unsuc- 
cessful) and continues at a declining rate until late 
summer (1). Brood studies since 1937 in central Illinois, 
near the southern limit of range, frequently have shown 
a sharp decrease of successful hatches and in number of 
young per brood about the first week in July. Nest 
studies indicated that this decrease is chiefly the result 
of a decline in hatchability of the eggs. For example, 
in 1947 and 1948, 68 (42.6%) of the 147 fertile eggs 
in 16 nests where some young hatched after July 1 con- 
tained dead embryos, usually at a very early stage of 
development. A number of subnormal young which died 
in the nests or soon after leaving them have been found 
in late hatches also. This study will be reported more 
fully elsewhere. 

In hatchability studies at Urbana in 1948 and 1949, 
eggs of the bobwhite Colinus virginianus were compared 
with pheasant eggs by simultaneous exposure to the same 
range of experimental conditions. This comparison was 


1 Hybrids believed mainly of P. t. torquatus, native to east- 
ern China and northern Indo-China, and P. c. colchicus of 
western Transcaucasia are widely distributed in the United 
States north of latitude 40°. In the Pacific Northwest, P. t. 
torquatus is found quite pure in certain regions (3). 
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believed useful because the bobwhite breeds in suitable 
habitat both inside and outside the Illinois pheasant 
range, and its breeding cycle grossly resembles that of 
the pheasant. 


Fresh-laid pheasant and bobwhite eggs were obtained 
from the breeding pens of the Illinois Department of 
Conservation for these studies. Samples of 60 pheasant 
eggs laid in mid-June, 1948, failed to hatch after 14 days’ 
exposure in shade to air temperatures varying from 51° F 
to 88° F, mean 72.3° F, and recorded relative humidities 
of 34%-100%, without prolonged rainfall or drought. 
Bobwhite eggs so exposed showed no apparent decline of 
hatehability after 19 days, nor did bobwhite eggs ex- 
posed to an additional 30 min of solar radiation in mid- 
day for 5 days. Low retention of hatchability by 
pheasant eggs and high retention by bobwhite eggs were 
also found in each of several outdoor exposures of 10 
days or more in late June and early July, 1949. 

Pheasant and bobwhite eggs laid on May 31, 1949, were 
used in a controlled experiment to test the effect on hateh- 
ability of air temperatures normally experienced in late 
spring in central Illinois. Fertility shown by Koesin’s 
method (5) was above 95% for both species. It was 
assumed from observed growth and survival of wild and 
game farm birds that vigor of the embryos of both pheas- 
ants and bobwhites at this time would be high. Paired 
lots of pheasant and bobwhite eggs were placed in 4 small 
electric incubators without forced draft (7) and exposed 
continuously from 8 A.M. to 5 P.M. for 7 days prior to 
incubation, to 4 different temperatures from 73° F to 
88° F. Because the average time of clutch-laying is 
approximately 12 days for pheasants and 18 days for 
bobwhites, the 7-day exposure was used to test the effect 
of temperature on eggs laid midway in the production 
of clutches. The eggs thus exposed were kept in a tem- 
perature control chamber at 62° F during the remain- 
ing 15 hr of each day. Controls were kept continuously 
at 62° F. Relative humidity of 65% was constant. All 
eggs were turned twice daily. 

Incubation of these exposed and control eggs indicated 
(Table 1) that the hatchability of pheasant eggs was 


TABLE 1 


HATCHARILITY OF PMRASANT AND Eccs Exposep 
TO DIFFERENT PREINCUBATION TEMPERATURES 


No. No. 
fertile Hatch- fertile Hatch- 
Temperature pheas- ability, bob- ability, 
ant % white % 
eggs 
Controls (62° F) 40 75.0 42 76.2 
73° F 39 64.1 39 79.5 
78° F 42 64.3 89 69.2 
83° F 37 45.9 40 75.0 
88° F 38 42.1 38 68.4 


reduced by heat exposures, the reducticn increasing with 
the higher temperatures. As was found previously in 
eggs from late wild nests, about 70% of the dead 
pheasant embryos in the heat-exposed eggs died prior to 
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the 48-hr stage. 


No significant reduction of hatchability 
of the bobwhite eggs by high temperatures was evident. 

It seems probable that vulnerability of pheasant em- 
bryos to air temperature during the laying period has an 
important influence in limiting the southern distribution 


of pheasants. Pheasants reported breeding locally in the 
southern Pacific Coast and Rocky Mountain regions may 
be predominantly of southern Asiatic origin, and possibly 
thus more tolerant of higher temperatures. 
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Distribution of Absorbed Energy around 
a Point Source of Radiation? 


Robert Loevinger 


The Physics Laboratory and Department of Radiotherapy 
The Mt. Sinai Hospital 
New York City 


The radiation dose delivered to tissue by sources of B 
radiation distributed through the tissue is easily com- 
puted in the interior of a uniform distribution in homo- 
geneous tissue (17). The energy delivered to the tissue 
per second is just the energy emitted by the § radiation 
per second. Moreover, on the edge of such a homoge- 
neous distribution, at a surface facing tissue free of B 
emitter, the dose is just half that at the interior. These 
two simple statements exhaust the generally available in- 
formation on the distribution of tissue dose caused by B 
emitters. In order to compute the absorbed energy (or 
observed ionization) about an arbitrary distribution, it 
is necessary to know the spherically symmetrical function 
which gives these quantities as a function of distance 
from a point source of § radiation in absorbing material. 

The direct measurement of the radial ionization fune- 
tion around a point source presents a difficult experi- 
mental problem. If attempted in unit density material, 
the spherical isoionization surfaces will not conform to 
a practical ionization chamber. If attempted in air, the 
scattering off the source, external objects, and the ioniza- 
tion chamber will be sources of error, as well as absorp- 
tion in the walls of the ionization chamber. By using a 
plane source and plane ionization chamber in unit density 
material, these difficulties can be avoided. The method 
is based on the fact that the ionization per ec (Jy) ina 
vanishingly small cavity in an absorbing material trav- 

1This work was done in part under contract with the 


Atomic Energy Commission, and in part with the support 
of the Committee on Growth of the American Cancer Society. 
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ersed by a flux of ionizing radiation is related to the 
energy absorbed per ce (E,) by the equation 

I, = E,/pW, 
where p is the stopping power of the absorbing material 
relative to the gas in the cavity, and W is the average 
energy per ion pair formed in the gas of the cavity for 
the ionizing particles (2). 

Consider now a point source of § radiation in an ‘‘in- 
finite’’ (i.e., larger than the maximum § range) block of 
unit density absorbing material of low atomic number. 
Let the energy absorbed in a very thin spherical shell 
around the point source be 


4nr*I(r)dr energy/disintegration. 


Then the total energy absorbed per distintegration is the 
average B particle energy 


E,=4x 
JO 


By straightforward integration of I(r), and using the 
first equation given, it follows that the ionization that 
will occur in a very thin, plane air gap parallel to a very 
thin, plane source in a large block of material is given by 


2x0 
D(z) = [row ion pairs/ce, 
Pp Jz 


where o is the surface intensity of the source in disinte- 
grations/em*, and z is the perpendicular distance from 
the source to the air gap. It is easy to show that 


where x= [re dz. 


It follows that the point source function can be obtained 
from the equation 

E, 1 
4nx r 


o = 2xpW/E,, 


I(r)= (- =) (energy/disintegration) /ee. 
Thus we have an explicit method of computing the radial 
energy absorption about a point source of B radiation, if 
measurements are made of the ionization normal to a 
very thin source. It is seen that D(z) may be arbitrarily 
multiplied by any constant without affecting the value of 
I(r). Asa result, only relative ionization measurements 
need be made. Moreover, the numerical value of p and 
W do not enter into the caleulation of I(r), to the extent 
that they are independent of the energy of the 8 particles. 
The experiment has been performed with radioactive 
phosphorus. Sources not thicker than 0.05 mg/em* were 
prepared by spraying a solution of P* onto a plane block 
of polystyrene with a penicillin nebulizer. The absorbing 
material was sprayed carbon of about 0.1 mg/cm’, nylon 
of about 1 mg/em®, and polystyrene from 2 to 10‘ mg/em*. 
Measurements were made in a parallel-plate ionization 
chamber of variable air gap, using a vibrating reed elec- 


trometer.* The electrodes were carbon-sprayed onto 


2The basic design of the ionization chamber used is that 
of G. Failla and N. Baily, of the College of Physicians and 
Surgeons, New York City. The instrument was designed 
and constructed by the Instruments Branch, Medical Divi- 


sion, New York Office, AEC (H. D. LeVine, chief, and H. J. 
DiGiovanni, assistant chief). 
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polystyrene or nylon, to a thickness of not greater than 
0.1 mg/em*. The collecting diameter was defined by a 
circle scribed in the carbon and was surrounded by a 
guard ring. The air gap was determined by a capacity 
measurement for each measurement of ionization current. 
The ionization per unit volume was determined for sev- 
eral different air gaps, and extrapolated to zero air gap, 
for each absorber thickness. The measuring volume was 
at all times surrounded by an ‘‘infinite’’ thickness of 
polystyrene. 

The observed ionization due to the thin sources had the 
functional form 

D(z) =A-Binz 
D(z) =C exp( - uz) 

The constants A, B, and the joining point 2, can be de- 
termined in terms of y by using the conditions that D(z), 
the point source function J(r), and the first derivative of 
I(r) must be continuous at the joining point. The re- 
maining constant, C, can be fixed at any convenient value, 
because of the arbitrary multiplicative constant in D(z). 
Then the ionization, in arbitrary units, normal to a thin 
plane source is given by 


0< 2< 200 mg/cm? 
80 < 4. 


D(z) =1-Inype 
D(2) =exp(1—-42) 1=p, 
where y2,=1. It is found experimentally that 


em*/g, and hence z,= 110 mg/cm? for Since the last 
equations imply x=3/y, we get for the distribution of 
absorbed energy around a point source of P® in poly- 
styrene 
_ 
I(r) = (ur) 
where =1/(ur)’, 

f(ur) = (1/ur)exp(1—ur), 
It is implied that the point source is contained in a block 
of the absorbing material larger in all directions than 
the maximum range of the § particles. Then the dose 
at a distance r from a small volume dV ce containing 
C ue/g of B emitter is given by 

0.0608 E,C f(ur)u*dV  rep/hr, 


where now E, is the average § energy per disintegration 
in mev and has the value 0.695 for P® (3). The rep 
(roentgen equivalent physical) has been taken as 93 
ergs/g of absorbed energy (4), so the resultant dose rate 
will be 12% lower than in earlier publications, which 
used the figure 83 ergs/g (1). In using this formula for 
computation, the products ur and u*dV are dimensionless. 
With this result, it is a straightforward matter to com- 
pute the dose due to any known distribution of 6 emitter, 
though only the relatively simple sources such as plane 
slabs and spheres can be computed in analytic form. 

The noteworthy features of the result are these: (1) 
the dose is given by simple, analytical functions; (2) 
only two physical parameters are involved in the caleu- 
lations, E, and y, the first affecting the magnitude and 
the second the distribution of the dose; (3) the entire 
dose distribution calculation can be carried out in di- 
mensionless equations if the unit of distance is taken as 
2,=1/y; and (4) the initial attenuation around a point 
source is inverse square. 


(energy/dis) /ce, 


0<ur=l1 
l<=ur. 
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The experimental value of D(z) is actually not ex- 
ponential out to the end of the § range, as the equations 
would imply, but begins to be measurably less than the 


exponential values for z=>400 mg/em*. The intensity 
at these distances is, however, so small that, at least for 
biological and medical dose calculations, the equations as 
stated are entirely adequate. 

A few measurements are available on thick sources of 
other isotopes (5). From these it is provisionally con- 
cluded that the same type of analysis can be made for 
other § emitters, and that the product uk, is approxi- 
mately constant for all 8 emitters. Under these circum- 
stances, a calculation of dose distribution for § sources 
in tissue can be made in dimensionless form, and then 
applied to any B-emitting isotope for which the mean § 
energy is known or can be computed. 
other isotopes are now under way. 
published elsewhere. 


Measurements on 
Full details will be 
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Errors of Combustion of Compounds 
for C™* Analysis* 


W. D. Armstrong, Leon Singer, S. H. Zbarsky, 
and Bryant Dunshee 


Department of Physiological Chemistry, 
University of Minnesota, Minneapolis 


The precipitation of xanthydrol ureide affords a sim- 
ple method for the isolation of urea from urine and has 
been used for this purpose in tracer studies with radio- 
carbon (5, 13). Xanthydrol ureide labeled with radio- 
carbon only in the urea residue, as indicated in the for- 
mula below by an asterisk, was prepared in a previous 
study (3) from the urine of a rat. 


CH, H H OH H CB, 
C—N—C—N—C Oo 
on’ C,H, 


Large discrepancies were noted between C™ assay of some 
of the preparations of barium carbonate obtained by wet 
oxidation of the compound with the Van Slyke-Folch (12) 
solution, when the technique described by Lindenbaum, 
Schubert, and Armstrong was used (6). The investiga- 

1 This investigation was supported by grants from the Na- 
tional Institutes of Health, U. S. Public Health Service, and 


the Graduate School of the University of Minnesota. The 
technical assistance of Mary Lou Smersh is acknowledged. 
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TABLE 1 


RADIOCARBON ASSAYS OF BarRIUM CARBONATE OBTAINED BY 
FRACTIONAL COLLECTION OF CARBON DIOXIDE DERIVED 
COMBUSTION OF NANTHYDROL UREIDE 


specific 
Method of Fraction % carbon “a 


activit 
combustion No. found* Papen 
1 6.7 2440.2 
2 18.1 2.2+0.2 
: 3 25.4 0.6+0.1 
Wet 4 14.8 2.1+0.2 
5 12.4 3.2 + 0.2 
6 22.6 1065.9 + 4.6 
D 1 40.8 458.3 + 3.1 
ry 2 59.2 106.1 +1.1 


* Percentage of recovered carbon in each fraction. 


tion of these discrepancies in radioactivity assay revealed 
large differences Letween the rates of conversion to car- 
bon dioxide of carbon atoms occupying the labeled, and 
those ocei.pying the unlabeled, positions in xanthydrol 
ureide. These differences, as shown in Table 1, were 
noted when both wet and dry oxidation methods were 
used. Beeause of these findings the work was extended 
to demonstrate discrimination between carbon isotopes 
when C''-labeled urea was converted to CO, by wet oxida- 
tion. Our observations are reported because of their bear- 
ing on the methods used for combustion of labeled com- 
pounds preparatory to carbon isotope assay, and because 
they contribute to the general subject of the influence 
of isotopes on chemical behavior. 

No instance has heretofore been noted of differences in 
the order of conversion of the carbon atoms of a com- 
pound to CO, on complete oxidation of the compound. 
However, discrimination between carbon isotopes in chem- 
ical reactions other than oxidation has been described. 
An 8% greater frequency of rupture of the C°—C™ bond 
than of the C*—C™ bond was found on partial thermal 
eracking of propane-1-C“ (11). Yankwich and Calvin 
(14) found that thermal decarboxylation of malonie acid 
singly labeled in a carboxyl group with C™ resulted in 
acetic acid with a O“ content 12% greater than that of 
the CO, evolved. With the use of the C” naturally oceur- 
ring in oxalic acid as an indicator, the decomposition of 
this substance in hot sulphuric acid to CO,, CO, and H,O 
was investigated (7). A preference was found for C™ in 
the CO, rather than in the CO. A preference was noted 
also for a higher rate of decomposition of oxalic acid 
molecules containing only C“ than of those containing 
both C* and C“. In a study (8) of the hydrolysis of C™- 
labeled urea by urease enzyme, it was observed that the 
first fractions of CO, evolved were relatively richer in C™ 
than those produced in later stages of the reaction. The 
authors indicated that the opposite result is to be expected 
if the only factor affecting reaction rates is the zero 
point energy of the C” and C™ bonds. We shall report 
in this paper a preference for the evolution of C* as CO, 
when labeled urea is oxidized by chemical means. 

The urea used to test discrimination in the carbon posi- 
tion was prepared by diluting, in alcoholic solution, a few 
erystals of high C“ activity urea with Merck’s Reagent 
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Grade urea. The solution was concentrated by evapora- 
tion of part of the alcohol, and the crystals that formed 
on cooling the solution were collected, washed with ace- 
tone, and dried. A part of the product was converted to 
xanthydrol ureide (9), giving a compound with one labeled 
carbon position as indicated in the formula above. The 
urea employed to determine discrimination in the carbon 
isotope was prepared in a similar manner, except that it 
was crystallized three times from aleohol. Further to 
assure the absence of radiocarbon not present as urea, a 
portion of the twice-recrystallized material was converted 
to urea nitrate (4). 

The wet oxidations of all compounds with the Van 
Slyke-Folch mixture were carried out using the apparatus 
of Lindenbaum, Schubert, and Armstrong (6). For the 
fractional collections of the evolved CO, this apparatus 
was modified so that, when a part of the CO, had been 
collected in barium hydroxide solution, the stream of gas 
could be diverted, by turning a stopcock, into another 
receiver also containing barium hydroxide solution. In 
the majority of trials an effort was made to collect ap- 
proximately half the evolved CO,, as judged by the 
amount of precipitated barium carbonate, in each of the 
two receivers. However, Table 1 gives the results of one 
experiment in which the CO, was collected in 6 fractions. 
Owing to the vigor of the reaction of the acid-chromic 
acid oxidizing fluid with xanthydrol ureide, it was neces- 
sary to add the digestion fluid dropwise at a slow rate to 
the ureide contained in the evacuated apparatus. Only 
after the initial vigorous reaction had subsided was heat 
applied to the reaction thimble. 

The dry combustions were carried out by using an 
ordinary microcombustion furnace, arranged in the man- 
ner described by Rittenberg (10), which allowed the 
emerging gas stream to bubble through barium hydroxide 
solution. By diverting the gas stream, two or more frac- 
tions of barium carbonate were obtained. 

The barium carbonate was collected and its radioac- 
tivity determined by a previously described method (1, 2). 
A majority of the precipitates exceeded ‘‘infinite thick- 
ness.’’ In those cases in which the precipitate was of 
less than saturation thickness, the measured radioactivity 
was calculated to that at saturation thickness by use of 
a factor derived from an empirically determined self- 
absorption curve for C“ § rays (2, 4). All radioactivity 
measurements shown in a given table have been made 
comparable by use of a uranium standard. 

Table 1 presents the data obtained from a wet and 
dry fractional collection combustion of xanthydrol ureide, 
A number of similar experiments have given results that 
are in agreement with those cited. In the case of wet 
oxidation, it is seen that the first fractions of the col- 
lected CO, contained far less C™ than the later fractions. 
The first fractions were thus derived mainly from the 
unlabeled or xanthydrol residue carbons, whereas the 
later fractions contained most of the carbon from the 
urea residue. The results of the experiment in which the 
evolved CO, was collected in 6 successive fractions afford 
a striking demonstration of the relative slowness of con- 
version, by wet oxidation, of the carbon of the urea resi- 
due of xanthydrol ureide to CO,. 
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TABLE 2 


DISCRIMINATION BETWEEN ISOTOPES OF CARBON ON WET 
OXIDATION OF UREA AND UREA NITRATE 


Carbon 
Comb found, 
No. Fractions carbon® 
Fraction 2 
land 2 
Fraction 1 
1 100.40 0.80 1.103 
Urea 2 99.75 2.50 1.147 
3 100.40 3.27 1.194 
Urea 1 101.13 0.80 1.035 
nitrate 2 101.44 1.37 1.142 


* Ratio of weights and hence of carbon contents of frac- 
tions. 

The results of the dry combustions, in contrast to those 
of the wet oxidations, showed a preponderance of the 
labeled carbon in the first fractions, indicating a rela- 
tively earlier conversion of the urea residue carbon to 
CO, than of some of the xanthydrol residue carbons. 

Table 2 presents representative data obtained on the 
fractional wet combustion of C-labeled urea and urea 
nitrate. The radioactivity assays are shown as a ratio. 
The statistical deviation of the counts does not exceed 
0.52% of the net sample count. 

The results shown in Table 1 make it clear that it is 
necessary to oxidize completely xanthydrol ureide and to 
collect completely the evolved CO., if reproducible results 
are to be obtained on C™ assay of barium carbonate de- 
rived from this compound by wet oxidation. Since the 
C™ is present in the last portion of the CO, to be evolved, 
undetectably small losses of carbon from this fraction 
would cause large errors in the C“ assay. Such circum- 
stances were undoubtedly the cause of the erratic results 
that we noted in the examination of the xanthydrol ureide 
prepared from urine referred to in the introduction. Con- 
cordant results with the synthetic xanthydrol ureide were 
ohtained only when the reaction mixture was heated until 
the appearance of SO, (about 8 min) and the collection 
of the evolved CO, prolonged to at least 20 min following 
the end of the heating period. 

Failure to collect completely the CO, formed by dry 
oxidation of xanthydrol ureide would likewise be expected 
to produce large discrepancies in C“ assay, the effect on 
the specific activity of the barium carbonate being de- 
termined by whether the loss occurs from the first or from 
later portions of the evolved CO,. In fact, we had found 
already the counts of thick samples of barium carbonate 
derived in this manner from the ureide prepared from 
urine to vary from 215+ 2.9 to 257 + 2.4 epm. 

It is possible, in the case of wet combustion, that xan- 
thydrol ureide is first hydrolyzed to xanthydrol and urea, 
and that the former product is more easily oxidized than 
the latter. Some support for this viewpoint was ob- 
tained from the observation that free xanthydrol, like 
xanthydrol ureide, begins to react with vigor at room 
temperature with the combustion fluid, whereas urea alone 
in the reaction mixture requires heat for initiation of the 
reaction and the evolution of CO,. Also related to this 
point are the results of a fractional wet combustion of a 
mixture of 2 moles of xanthydrol and 1 mole of labeled 
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urea, which gave the following specific activities of barium 
carbonate: Fraction 1 (containing 40.4% of the total car- 
bon), 0.6; Fraction 2 (containing 59.2% of the total 
carbon), 444.5. 

The data presented in Table 2 demonstrate that the 
CO, formed late in the chemical oxidation of C™-labeled 
urea is relatively richer in the label than that which is 
first produced. Since comparable results were obtained 
with urea nitrate, added assurance is given that the re- 
sults were not due to the presence of a radioactive con- 
taminant more resistant than urea to oxidation. Because 
of the variation of the weights of the 2 fractions among 
the several combustions and other uncontrolled variations 
affecting the reaction, no precise statement ean be made 
as to the magnitude of this form of isotope discrimina- 
tion. However, it appears from an inspection of the re- 
sults that the last half of the evolved CO, contained about 
10% more C™ than the first half. 

It is possible that other isotopic carbon-labeled com- 
pounds may exhibit to a degree behaviors similar to that 
of xanthydrol ureide and urea on oxidation. On this ac- 
count an important precaution should be observed in the 
conversion of compounds labeled with either C“ or C™ to 
CO, when this compound is to be used for isotopic carbon 
assay. Because of the probable different rates of oxida- 
tion of carbons of an organic compound, and isotopic 
discrimination of identical pos‘tions of carbon atoms in 
a compound, care should be taken to achieve complete 
oxidation and mixing of the resulting CO, before removal 
of samples for carbon analysis. Dependence should not 
be placed on a sample of the evolved CO, as representa- 
tive of the C™ specific activity or the C” content of the 
material. The whole of the sample should be burned, 
and the CO, collected completely and precipitated. If an 
aliquot of the CO, is to be used, opportunity should be 
afforded for mixing before the aliquot is taken. 
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New Tests for the Nicotiana Alkaloids, 
Nornicotine and Anabasine? 


Louis Feinstein and Edward T. McCabe 


Bureau of Entomology and Plant Quarantine, ARA, 
U. S. Department of Agriculture, Beltsville, Maryland 


We wish to give preliminary accounts of two new color 
tests for Nicotiana alkaloids, one for nornicotine and 
anabasine, and another for nornicotine. We find that 
nicotine fails to give similar color reactions in both tests. 

A solution of quinhydrone (.5 g in 100 ml of ethyl 
aleohol) will react with nornicotine and anabasine at a 
pH of 7 (phosphate buffer) to give a cherry-red solution. 
Five-hundredths g of either nornicotine or anabasine in 
10 ml of buffer solution and 10 ml of quinhydrone solution 
will give immediately a deep cherry-red solution. A 
similar quantity of nicotine will give almost no color 
change in the original quinhydrone solution. 

The second test (for nornicotine) uses as color-pro- 
ducing reagents 1,3-di-ketohydrindene, p-hydroxybenzoic 
acid, acetone, and di-isopropy! ketone. Nornicotine re- 
acts with these reagents to give a violet color, which 
has a maximum absorption peak at approximately 540 
my. This test is extremely sensitive. Three hundred 
sixty-three y of nornicotine in 5 ml of acetone, plus 15 
ml of di-isopropyl ketone, 2 ml of 2% p-hydroxybenzoic 
acid in di-isopropyl ketone, and 2 ml of .3% solution 
of 1,3-di-ketohydrindene in di-isopropyl ketone gives a 
reading of 384 at 540 my on the Klett-Summerson 
colorimeter within 60 min after the start of the reaction. 
The same quantity of nicotine or anabasine does not give 
this violet color under the same conditions. 

We are continuing work on these two tests. 


1 Report of a study under the Research and Marketing 
Act of 1946. 


Mechanism of the Dakin and West Reaction 


J. W. Cornforth and D. F. Elliott 


National Institute for Medical Research, 
London, England 


Dakin and West (2) showed that many g-amino acids 
give g-acetamidoalkyl methyl ketones and carbon dioxide 
when heated with pyridine and acetic anhydride at 100° 
C: 


H,NCHRCO,H + 2(CH,CO),0 — 
CH,CONHCHRCOCH, + 2CH,CO,H + CO, 


It is our view that in this synthesis the new carbon- 
carbon link is formed by the base-catalyzed acylation of 
an oxazolone: 


N CHR’ 1 — C(R’)COR” 
nb bo + (R”’CO),O + R”’CO.H. 
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This reaction mechanism is cited in full detail by Wiley 
(5), who nevertheless rejects it in favor of an initial 
base-eatalyzed décarboxylation, the carbanion then react- 
ing with the acetic anhydride or other carbonyl compo- 
nent to give the final product: 


base 
RCONHCHR/’CO.H —— CO, + 


(CH,CO),O 
RCONHCHR’ —————> RCONHCHR’COCH,. 
© 


Wiley’s rejection of the oxazolone mechanism is based 
on his observation that N-acetylsarcosine, which he says 
cannot form an oxazolone, can be converted under the 
usual conditions to N-methylacetamidoacetone. 

It should first of all be mentioned that the idea of 
‘*decarboxylation as a source of reactive carbanions’’ is 
not novel, having been put forward some time ago (4) 
to account for the behavior of quinaldinie acid when de- 
earboxylated in the presence of a carbonyl compound: 
the product with benzaldehyde, for example, is phenyl 
2-quinolyl carbinol (I). 

We find no decarboxylation of acetylglycine to occur 
on boiling with pyridine (or with a mixture of pyridine 
and benzaldehyde). This fact alone makes Wiley’s 
mechanism unacceptable without modification. In addi- 
tion, Dakin and West (2) found that a-aminohydratropic 
acid affords no carbon dioxide (and no ketone) when 
heated with acetic anhydride and pyridine. This is 
readily understood on the basis of the oxazolone mecha- 
nism, for no hydrogen atom replaceable by acetyl is 
available in the oxazolone (II); but the fact is not ac- 
commodated by Wiley’s scheme, as N-acetamidohydra- 
tropic acid could give a carbanion by decarboxylation. 


N \ 


I II 


Wiley’s result with acetylsarcosine can be explained 
by assuming the transitory formation of an oxazolonium 
cation: 


—NCH,—CH, 
>| 
CH,C CO—OH +(CH,CO),0=— 
18) 
@NCH,—CH, 
CH, O +CH,CO,H 
+CH,CO, 


Acetylation, ring-opening, and decarboxylation are 
then assumed to follow in the usual way. We believe 
that the condensation of N-benzoylsarcosine with benzal- 
dehyde to give o-(N-methylbenzamido)cinnamie acid (3) 
proceeds by way of an analogous intermediate. 

It is interesting that Dakin and West (2) reported 
that sarcosine itself gave little carbon dioxide and no 
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identifiable ketone on heating with pyridine and acetic 
anhydride. The contrast between this and the result 
with N-acetylsarcosine is perhaps due to the presence of 
additional acetic acid (arising from the initial acetyla- 
tion) in the reaction mixture from sarcosine. Acetic 
acid has been shown (1) to have a deleterious effect on 
the condensation of hippurie acid with acetic anhydride 
in the presence of pyridine. 

We regard the Dakin and West reaction as a special 
ease of the Erlenmeyer synthesis of oxazolones; we hope 
to have shown here that Wiley’s observation is consistent 
with this view and does not require a separate hypothesis. 
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Electronic Radiography by Transmission 
Using Radioactive Monolayers 


D. E. Beischer 


U. S. Naval School of Aviation Medicine, 
Pensacola, Florida 


Herein is described a method of electronic radiography 
by transmission which may be compared with the photo- 
graphic printing process, with the difference that electrons, 
or @ particles, replace the light. The specimen is placed 
between, and in intimate contact with, a uniformly radi- 
ating source on one side and a photographie plate on the 
other. This method was made possible by the preparation 
of homogeneously radiating sources in the form of mono- 
or multilayers of molecules tagged with radioactive iso- 
topes (1). The layers were prepared by using the tech- 
nique developed by Langmuir and Blodgett (2) for 
built-up ’’ films, 

A f-emitting source can be prepared by spreading C™ 
labeled stearic acid on the surface of an aqueous solution 
(10* M CaCl,, 10% M KHCO,) and transferring the mono- 
molecular film of calcium stearate to a solid substratum 
by dipping a plate once or several times through the sur- 
face. In this way a mica plate of a few square centimeters 
in area can be covered on both sides homogeneously with 
one or several monolayers of radioactive calcium stearate. 
By cleaving the mica sheet, two sources buttered with 
radioactive material on only one side can be prepared. It 
is obvious that this method can be used for the preparation 
of homogeneous sources of a, B, or y radiation, with wide 
variation in penetrating power, by incorporating various 
radioactive elements in the monolayers—for instance, by 
the use of radium, Sr”, Ca“ stearate. 

The picture of a thin specimen in the B light of C™ can 
be prepared by enclosing the specimen in a printing frame 
between the radioactive layer and a photographic emulsion 
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(no-sereen x-ray film or industrial x-ray film, Type M, 
from Eastman Kodak Company), as demonstrated in Fig. 
1. An example of the results of this method is given in 
the picture of an unsealed wing of a butterfly reproduced 
in Fig. 2. 


Fic. 1. Diagram of arrangement for electronic radiog- 
raphy by transmission (arbitrary measure). 


Fic. 2. 
emitted from C™ (x5). 


Unscaled wing of butterfly depicted by electrons 


These electron radiographs can be explained in the 
same way as images obtained with the electron micro- 
scope. In fact, the mean velocity of the electrons emitted 
from C™ corresponds to the velocity of the electrons in 
the usual electron microscopes (50 kv). The shades in 
the picture are determined by the product of density and 
thickness of the specimen. When this product surpasses 
a certain value for a given electron velocity, only the 
outlines of the specimen can be made visible. 

Compared with the electron microscope, the contact 
method is limited in resolving power and in magnification. 
The electrons are emitted from the source in all directions 
with different velocities. Under these conditions the re- 
solving power is a complex function with a variety of 
factors. Some of these are the distribution of the electron 
velocity in the B spectrum, the thickness in g/em* of the 
specimen and the photographic emulsion, and the grain 
size of the photographic material. From the separation of 
two points in Fig. 2 a resolving power of about 10-20 py 
was estimated. Under these conditions the useful magni- 
fication cannot surpass the factor 10. 

The contact method, however, has some marked peculi- 
arities that may recommend its use in special cases. The 
wide variety of electron velocities from 0.015 to some mil- 
lion ev, which can easily be applied by changing the radi- 
ating element in the source, offers an inexpensive possi- 
bility (no machine) for studies of transmission of elec- 
trons over a considerable range. In this regard beta- 
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graphs of specimens with greater ‘‘thickness’’ will be of 
special interest. 

Work is in progress to accomplish electron radiography 
by transmission on a quantitative basis. The uniform in- 
tensity of the sources was measured by the methods of 
absolute f-counting. These values can be compared with 
the electron intensities in the betagraph, determined with 
a microdensitometer. The results represent a measure for 
the absorption of electrons of a given mean velocity in 
small areas (limit, 30 » diameter) which is related to the 
‘<thickness’’ of the structure of the specimen. 

The application of g-emitting monolayers (radium, polo- 
nium, plutonium) opens up new possibilities for studies of 
specimens in « light. Pictures of butterfly wings de- 
picted in the radiation from a radium stearate source 
show about the same shades as the betagraph in Fig. 2. 

Descriptions of other applications of radioactive mono- 
molecular films will appear elsewhere. 
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Dicarboxylic Acid Bis-((-Tertiaryamino- 
alkyl) Amides as Curare Substitutes 


Arthur P. Phillips 


The Wellcome Research Laboratories, 
Tuckahoe, New York 


A series of bis-(f-dimethylaminoethyl) esters of dicar- 
boxylic acids was recently reported (1) to possess power- 
ful curarelike activity. Concurrently with the esters, a 
group of bis-(f-tertiaryaminoalkyl) amides of the dicar- 
boxylie acids was prepared and examined for curariform 
action. 

The bis-amides were obtained in excellent yields by 
brief refluxing of a slight excess of the unsymmetrical 
disubstituted ethylene diamines with the dimethyl or di- 
ethyl esters of the dicarboxylic acids. In most cases the 
bis-amides were crystalline solids readily recrystallized 
from organic solvents. The bis-tertiary amino amides 
were transformed into bis-quaternary ammonium salts by 
refluxing in methanol solution with an excess of the ap- 
propriate alkyl halide, most commonly methyl or ethyl 
iodide. 

Examples of the types of products made are: bis-di- 
methylaminoethyl oxamide (mp, 123°-124°; ealed.: OC, 
52.1; H, 9.6. Found: C, 52.1; H, 9.6); its bis-methio- 
dide (mp, 288°-290°; ecaled.: C, 28.0; H, 5.5. Found: 
C, 28.2; H, 5.5); bis-dimethylaminoethyl suecinamide 
(mp, 134°-135°; ecaled.: C, 55.8; H, 10.1. Found: C, 
55.6; H, 9.9) ; its bis-methiodide (mp, 251°-252°; ealed.: 
C, 31.0; H, 5.9. Found: C, 31.1; H, 5.9); its bis-ethio- 
dide (mp, 189°-190°; caled.: C, 33.7; H, 6.4. Found: 
C, 33.7; H, 6.1); bis-diethylaminoethyl adipamide bis- 
methiodide (mp, 134°-135°; caled.: C, 38.4; H, 7.1. 
Found: C, 38.9; H, 6.8) ; bis-morpholinoethyl ma!onamide 
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(mp, 127°-128°; caled.: C, 54.8; H, 8.6. Found: C, 
54.8; H, 8.4); and its bis-methiodide (mp, 153°-154°; 
ealed.: C, 33.3; H, 5.6. Found: C, 33.7; H, 5.4). 

Interestingly, both the bis-tertiary amino amides and 
the derived quaternary salts were relatively devoid of 
curarelike activity, requiring huge doses to produce any 
perceptible block of neuromuscular transmission in the 
cat. However, both in the tertiary and quaternary form 
these compounds have been found to possess the remark- 
able ability, anticholinesteraselike, to prolong the dura- 
tion of the block produced in the cat by the bis-esters 
(1) as much as four or five times. Details of the phar- 
macological results will be published elsewhere by E. J. 
de Beer and J. C. Castillo of these laboratories. Further 
work along these lines will be reported later. 


Reference 
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The Enzymatic Dehydrogenation of 
Estradiol to Estrone* 


Joseph A. Ledogar and Howard W. Jones, Jr.? 


Department of Gynecology, The Jobns Hopkins 
University, Baltimore, Maryland 


An enzyme system that catalyzes the conversion of 
a-estradiol to estrone, in vitro, was demonstrated by using 
a purified protein fraction of beef liver and rat tissue 
homogenates as enzyme sources. 

A 2-mg sample of a crudely purified preparation from 
the acetone-insoluble, water-soluble fraction of beef liver 
was tested for ketosteroid and found to be negative (1). 
A 5-mg sample of crystalline q-estradiol* was likewise 
negative. 

Five mg of the estradiol was added to 0.2 mg of the 
purified beef liver preparation in 20 ml of water and 
incubated for 12 hr under conditions previously found 
to be within the range of maximal enzymatic activity. 
Twenty ml of a 0.1% solution of 2-hyrdoxy-3-naphthoie 
acid hydrazide, containing 50% ethyl aleohol and 5% 
acetic acid, was stirred into the mixture, brought to 
boiling, and cooled to room temperature. The yellow 
precipitate formed was separated from both the excess 
hydrazide and any estradiol present by centrifugation, 
repeatedly washed with 50% ethyl alcohol, and refluxed 
with pyruvie acid for 30 min. Distilled water was added 
to saturation, and a white crystalline precipitate was 
formed on cooling (3). The crystals were purified by 
repeated washings with warm 5% sodium bicarbonate 
solution and warm distilled water. After drying in air, 
the crystals were examined microscopically and found to 
be colorless plates similar in form to estrone. The mp 
was 252°-254° C. When some of the crystals were mixed 
with a known sample of crystalline estrone’ (mp 253°- 


1 Aided in part by a grant from the Maryland Division, 
American Cancer Society, to R. W. TeLinde and Howard W. 
Jones, Jr. 

2 Leslie Hellerman gave valued assistance in this work. 

® Supplied by courtesy of Schering Corporation. 
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255° C), the mp rose to 253°-254° C. The ketosteroid 
test was positive. Positive rat tests for estrogenic ac- 
tivity, as estimated by increases in uterine weight (2), 
were obtained by as little as 32 pg, which resulted in 
uterine weight increases from an average of 25 mg to 
82.5 mg for rats of 36.3 gm average weight. The yield 
estimated on the basis of solubility in ethyl aleohol was 
2.2 mg. 

To establish the activity of the liver preparation as 
enzymatic the following tests were performed: 

1. Inactivation by boiling: Fifteen test tubes, each 
containing 0.1 mg of the liver preparation in 20 ml of 
distilled water, were used. Tubes 1-5 were boiled 15 
min and cooled; ketosteroid tests were negative. Two 
mg of crystalline q-estradiol was added to tube 6-10 and 
ineubated 6 hr at 37° C; all contents were strongly posi- 
tive for ketosteroid. Tubes 11-15 were boiled 15 min, 
2 mg of crystalline qg-estradiol was added, and the tubes 
were incubated 6 hr at 37° C; all ketosteroid tests were 
negative. Five tubes containing 2 mg erystalline aq- 
estradiol only in 20 ml of distilled water were incubated 
6 hr at 37° C; all ketosteroid tests were negative. 

2. Inactivation by silver nitrate or bichloride of mer- 
eury: Nine tubes, each containing 0.1 mg of the liver 
preparation in 20 ml of distilled water, were used. To 
tubes 1-3, 0.034 g AgNO, was added. To tubes 4-6, 
0.0544 g HgCl, was added. Tubes 7-9 were used as con- 
trols. To all tubes 2 mg of crystalline q-estradiol was 
added, and, after 6 hr incubation at 37° C, each was 
tested for ketosteroid; tubes 1-3 and 4-6 were nega- 
tive, and 7-9 were strongly positive. 

3. Rate of production of ketosteroid, when concentra- 
tion of enzyme was small as contrasted to that of the 
substrate, was shown to be constant (Fig. 1). 

4. Variation of activity with temperature: Two mg 
a-estradiol and 0.1 mg liver preparation in 20 ml dis- 
tilled water were incubated 6 hr at 2-degree intervals 
from 29°-45° C. Maximal ketosteroid production, esti- 
mated colorimetrically, occurred between 33°-35° C, ap- 
proximately 50% at 31° and 27°, 25% at 29° and 39°, 
and 10% at 45° C. 

5. Influence of pH on activity: Two mg a-estradiol 
and 0.1 mg liver preparation were incubated at 35° C 
with 20 ml of 0.1 N isoelectric buffer solutions from pH 
4.8 to 8.8. Maximal ketosteroid production occurred be- 
tween pH 6.8 and 8.0, approximately 50% at 6.2 and 8.8, 
15% at 4.8. 


November 3, 1950 


COLORIMETER READING 
w 


1 
3 7 6 


fo} 
> 


TIME OF INCUBATION 
IN HOURS 


Fic. 1. Two mg crystalline a-estradiol, 0.02 mg liver 
preparation, 20 ml distilled water/tube were incubated at 
37° C; 1 tube/hr was quantitatively tested for ketosteroid, 
using a Klett photoelectric colorimeter and #54 filter. Time 
of incubation in hr is plotted against colorimeter readings. 


The enzyme was shown to be a dehydrogenase by the 
following test: Six small flasks, each containing 2 mg 
crystalline g-estradiol and 0.2 mg liver preparation in 10 
ml 0.1 N citrate-phosphate buffer pH 7, were used. To 
flasks 1-3 was added 0.5 ml 1% methylene blue. Flasks 
4-6 were controls. Anaerobic incubation under nitrogen 
was performed for 3 days at 37° C, then each was 
tested for ketosteroid; 1-3 were positive and 4-6 nega- 
tive. Methylene blue was completely decolorized in 
flasks 1-3. 

Inhibition experiments showed the enzyme system was 
not inhibited by cyanide M/500, or epinephrine 1: 1000, 
and only partially (approximately 2/3) inhibited by ethyl 
aleohol 70%-80%. 

Crystalline q-estradiol was incubated with rat tissue 
homogenates, and tests for ketosteroid were performed. 
Positive results were obtained with liver, kidney, breasts, 
and testis, but those with uterus, ovary, and adrenal were 
negative, as were the controls. 

Attempts at further purification will be made to demon- 
strate possible substrate specificity of the enzyme. 
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Comments and Communications 


The Payment of the Learned Man 


Dr. E. Bodewig, a German mathematician now living 
in Holland, has been reviewing papers for Mathematical 
Reviews for several years. Recently he resigned as a 
reviewer, and in reply to my letter of regret he sent the 
enclosed letter of explanation. 

The letter was written in German, and I have trans- 
lated it rather freely. Dr. Bodewig has given me per- 
mission to have it published and suggests that it should 
be introduced by the following quotation from Wagner’s 
Siegfried: ‘‘ After vain distant things you sought, but 
what was found close at hand, what you needed, that did 
not enter your head.’’ 

R. P. Boas, Jr. 
Executive Editor, Mathematical Reviews 
Brown University, Providence, Rhode Island 


Dear Proressor Boas: 

After long consideration and many years of observa- 
tion, I have made up my mind to withdraw from scientific 
activity. I have cut one thread after another and, like 
Gulliver, I am abandoning the island of the mathema- 
ticians. Consequently, I must give up my collaboration 
with Mathematical Reviews. When one has devoted so 
many years to mathematics, one does not lightly abandon 
it. Let me briefly explain my reasons. 

Nowhere in the world do the scholar and the learned 
man understand how to secure the position and the pay 
that they deserve. This has surprised me for many years, 
all the more because, on account of my financial inde- 
pendence, I could to a certain extent observe the situation 
from the outside and, in addition, because I am one of 
the few mathematicians who have carried out and pub- 
lished theoretical work in psychology and finance and 
have had the necessary practical experience on the stock 
exchange. And I must say that I am astonished that the 
low pay of the learned man has never yet been the sub- 
ject of an investigation. It should be a task for the 
United Nations to look into it sometime, just as they 
have done, with endless discussions, with the problem of 
labor and the problem of colonial peoples. 

What lawyer would be satisfied with the pay of a 
scholar? For a simple routine letter requiring no tech- 
nieal knowledge he demands 25-50 gulden in Holland (in 
Germany, as many marks, and in the U.S.A., I suppose, 
as many dollars). For a routine petition to the authori- 
ties he demands 120-250 gulden (marks, dollars), and 
that is a quarter of an hour’s work. For small jobs he 
demands 200 gulden in advance before he begins to work 
at all. Later on he gets easily 500 gulden. If a lawyer 
had to do as much work and as much preliminary study 
as I (or anyone else) had to do, for example, in review- 
ing the papers of von Neumann or Reicheneder, he would 
demand 1,000 gulden and get it and be upheld by any 
court. What do I or anyone else get for this? Nothing. 
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If I had received for each review the fee that a lawyer 
would have received for the same time and mental effort, 
I would have received 100—1,000 gulden for each review, 
and altogether about 30,000 gulden. What did I get? 
Nothing. 

Let us take another profession, chemistry, for example. 
An acquaintance of mine gets 1,500 gulden for an exten- 
sive chemical analysis, and nobody has ever considered 
this excessive. If IJ had received only 500 gulden for 
each of my 150 reviews, this would have come to 75,000 
guiden. What did I get? Nothing. 

Let us take the chief physician in a hospital. In the 
morning he goes through his clinic where there are 100 
patients. He speaks a few words to some of them but 
says nothing at all to most. The whole thing takes a 
quarter of an hour. But each patient pays him 1-10 
gulden. That amounts altogether to at least 150 gulden, 
probably more. If J had received 150 gulden for each 
quarter of an hour’s work on my 150 reviews... (I 
don’t want to count it up). 

Let us take an ordinary doctor. For each appoint- 
ment he gets 3-10 guiden. A prominent doctor gets 
many times as much. That amounts to an income of 
some 500 gulden a day. 

I heard of a camp for German prisoners of war in 
Australia. The prisoners were allowed to work and were 
all paid. Well paid! But there were also teachers and 
professors there, who were giving valuable instruction tu 
the other prisoners. These teachers were the only ones 
who were not paid for their work. In fact, at the end 
of the class they had to sweep out the classroom, since 
the students didn’t do it. 

Do I have to remind you of the disgraceful fact that a 
bookseller gets 30% commission, often 40%, for each 
book he sells, he who often cannot read a single line of 
the book? While the learned man who wrote the book 
gets 10%? (Of course I am aware that a bookseller has 
certain expenses.) Do I have to remind you of the dis- 
graceful fact that the compositor often gets more pay for 
setting up a book than the author gets for writing it? 
Do I have to remind you that the compositor gets his 
pay at once, whereas the author has to wait for an annual 
accounting ? 

I wrote a book on Numerical Methods in a year and a 
half, working 5-10 hours a day. It was translated in the 
U. 8. When the contract was drawn up, it turned out 
that I was to get about $350 (and the translator the 
same amount). And this in a field where one can say 
that no book at all existed before. Afterwards the pub- 
lishers wanted to make even these conditions worse in 
underhanded ways. Then I canceled the whole contract 
on the ground of violations of its terms. What lawyer, 
doctor, or chemist would work for a year and a half or 
two years for $350? Are we scholars only for philan- 
thropie purposes? 
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Mathematical Reviews can pay the compositor, printer, 
paper manufacturer, paper dealer, ete. Only the scholars 
who write the reviews get nothing. Nobody in the world 
would think of asking a compositor, printer, ete., to work 
for nothing. Only among scholars is this taken for 
granted. After all, why? 

I have mentioned only the professions which are closest 
to us: medicine, chemistry, law, etc. I have not said any- 
thing about businessmen, who frequently make 6 million 
gulden in a single morning by making two or three tele- 
phone calls (I have a perfectly definite case in mind). 

But for their poor pay the scholars have to thank not 
only the ‘‘world’’ and not only their own awkwardness, 
but also their colleagues. For example, Professor X in- 
vited me to take a position at the Mathematical Center 
at Amsterdam—for 300 gulden a month. I wrote to him 
that for that he could get a plumber. It is too bad that 
at the time I had not seen a newspaper advertisement for 
nurses in an insane asylum at 3,300 gulden a year with 
half room and board. Otherwise I would have recom- 
mended a nurse from the insane asylum to my ‘‘col- 
league,’’ (even though she would have received rather 
less pay at the Mathematical Center). It is also too bad 
that I had not seen my twelve-year-old son’s arithmetic 
problem, where ten bricklayers got 10 gulden per man 
per day. Otherwise I would have recommended a brick- 
layer to my ‘‘colleague’’ for the Mathematical Center. 
Another professor wanted me to give lectures (free, nat- 
urally). I answered him similarly. 

A German professor invited me to give a lecture at his 
university. I did it but discovered afterwards, to my 
great surprise, that with childlike innocence he had never 
thought of an honorarium. I had to pay all the expenses 
of the long trip out of my own pocket. No plumber in the 
world would have expected as much from me as this 
*“eolleague.’’ 

A scholar in the U. S. asked me, in the name of his in- 
stitution, three or four questions about a problem with 
which his institution expected to be seriously concerned 
in the next few years. Instead of answering the questions, 
I asked him for a guarantee of $2,000 (a lawyer would 
have asked much more). After that he didn’t seem to 
need the answers. 

A German professor asked me to take over a course of 
lectures, in one of the most difficult of all subjects, for a 
semester. He added that he did not have any idea of how 
much I would be paid, since he was ‘‘ not fully informed.’’ 
(Now, in that case, he should become better informed and 
then ask again.) What workman in the world would take 
on a helper without telling him his wages? 

I must decline to go into the psychological reasons why 
the ‘‘world’’ pays the scholars so poorly, and why the 
scholars themselves are satisfied with this poor pay, and 
why, finally, the scholars treat each other so badly. 
Briefly, it comes down to this, that every intelligence is 
only partial; that the highest form of individuality—i.e., 
the highest development of the mind—is possible only in 
a limited domain, and that everything that lies outside 
this domain is judged with decreased ability. If I were 
not educated otherwise through years of study of the stock 
exchange, I should be as unworldly as the others. 
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‘* Naturally’’ one does not use his science fur muking 
money. (It would be terrible if a scholar did what every- 
body else takes for granted.) But the exploitation of the 
scholar is one of the worst in the world. It is the modern 
social problem! Nobody bothers about it, not even the 
scholars themselves. It would be a job for the United 
Nations, but they don’t do anything either. 

One will hardly be able to influence the scholars to look 
after their own material interests. Under the cireum- 
stances I can only act for myself. I don’t like the rules 
of the game and I won’t play any more. I want my work 
to be well paid, like that of a doctor, a chemist, or a 
lawyer. If the world won’t do that, I shall not work 
any more for the ‘‘Society of Mankind.’’ I strike. (But 
sometime the U. N. should take up the rate of pay of the 
rest of the scholars who are still working. The scholars 
would agree with me there.) 

Sincerely yours, 
E. BopEwia 


Sphagnum Moss and Egg Yolk as 
Food for Anuran Tadpoles 


Different kinds of food have been used by various in- 
vestigators to rear anuran tadpoles in the laboratory. 
Algae, liverworts, lettuce, or spinach, supplemented by 
beef liver, powdered egg yolk, or a dry pulverized mix- 
ture of whole-wheat flour and bacto-beef extract, have 
been tried (Rugh, R. Experimental Embryology. Min- 
neapolis: Burgess Publ., 1948). When fresh liver is 
used, putrefaction oceurs quickly. Unless the water is 
changed frequently and the decayed liver removed, the 
tadpoles will die as a result of pollution of the water. 
Briggs and Davidson (J. Exp. Zool., 90, 401 [1940]) 
found that spinach-fed tadpoles developed most rapidly 
but produced kidney stones. Although boiled lettuce is 
better food than spinach, it also decays in a short time, 
especially at warm room temperatures. 

For the past two years, sphagnum moss’ supplemented 
by egg yolk has been used by the writer to rear different 
species of anuran tadpoles in his laboratory. The result 
has been satisfactory. Under laboratory conditions meta- 
morphosis took place about 70 days after insemination. 
No stones were found in the kidneys of either the tad- 
poles or the metamorphosed young. The sphagnum moss 
ean be stored dry in the laboratory to be used as needed. 
The egg yolk is prepared by hard boiling the eggs, sepa- 
rating the yolk from the white, and then crushing it into 
small lumps and drying it. A few smali lumps of egg 
yolk are fed at a time, as too much left in the medium 
will also pollute the water. In the summer, the water 
needs to be changed twice a week, whereas in the winter 
once every 5 to 7 days is sufficient. 

Sphagnum moss decomposes slowly, forming acid, and 
the acidity of the water in turn reduces the growth of 
bacteria. The pH of tap water in our laboratory has 
been found as high as 10. If a large amount of sphag- 
num moss is soaked in it for a day, the pH will be low- 

1 Dry sphagnum moss can be purchased from seed stores, or 


from E. G. Steinhilber Co., Oshkosh, Wis., at about 50 cents 
per pound. 
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ered to about 5.4, but tadpoles will survive even at this 
low pH. The pH is somewhat higher if less sphagnum 
moss is added. Several of the tadpole cultures contain- 
ing sphagnum moss in tap water have been tested, and 
the pH was found to vary from 6.2 to 6.9. Therefore, 
in using sphagnum moss as food, not only is bacterial 
growth reduced, but also laboratory tap water can be 
used without any harmful effect on the tadpoles. This 
method of rearing tadpoles is economical as well as time- 
saving. 

Han-Po TING 
Department of Zoology and Entomology 
The Ohio State University, Columbus 


Oaths and Affidavits 


Dr. Grundfest omitted from his discussion ‘‘On Polit- 
ical Oaths and Affidavits’’ in Science for July 21, 1950, 
the core of the problem, namely, the criminal aspects of 
the Communist Party. He repeatedly referred to polit- 
ical beliefs but said nothing about criminal beliefs. The 
word ‘‘Communist’’ carries a connotation of lawlessness 
that does not apply to our major political parties. For 
example, few professional Democrats and Republicans 
enter this country under false names or by means of 
untruthful affidavits. 

I don’t care about the politics of my doctor or my 
lawyer, but I do not wish either one to be a member of, 
or in sympathy with, a criminal organization. At the 
same time I see little merit in miscellaneous ‘‘oaths and 
affidavits.’’ It doesn’t do much good to ask a man if 
he is a criminal or if he associates with criminals. 

P. W. MERRILL 
Mount Wilson and Palomar Observatories ’ 
Pasadena, California 


Basic Processes of Erosion 


We who are interested in the conservation of our soil 
resourees appreciate your article ‘‘Soil Erosion by Rain- 
storms,’’ by W. D. Ellison (Science, 111, 245 [1950]). 
The article should be quite beneficial in disseminating in- 
formation on the basie processes causing erosion. 

Two faulty statements were made, however, that should 
be corrected. These statements appear on page 246, 
column 2, last two paragraphs as follows: ‘‘ However, 
these experimenters apparently did not recognize splash 
erosion as an important independent erosion process. 
The first known reports on splash erosion were made by 
the writer (3, 4, 5).’’ 

Much of Mr. Laws’ work on raindrops and erosion has 
remained unpublished, as he left Soil Conservation Ser- 
vice research for work more closely connected with our 
war efforts. As one closely associated with Mr. Laws and 
the work on effects of raindrops, I can definitely state 
that not only did Mr. Laws recognize the importance of 
splash erosion, but it was also recognized by the men in 
charge of this research (Donald A. Parsons and Howard 
L. Cook). 

Mr. Laws not only recognized the significance of 
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splashes but photographed the splashes and splashed soil 
(Agr. Eng. 21, 432 [1940], Fig. 3, B and C, left, en- 
titled: B. Just after striking. C. The air is filled with 
flying soil particles). 

In addition, I would like to quote from the S.C.S. Re- 
search Project Monthly Report for May, 1941. (Note 
items la and 2.) 


A few of the phenomena of general interest that have been 
observed, or that are deducible from the observations, are 
outlined below. 

1. Raindrops impinging upon soil cause: 

(a) Splashing which results in large quantities of soil 
and water being transported from one place to an- 
other. It is easy to reason that on sloping land, the 
distance of travel of these splashes is greater down 
the slope than up; also, soil splashed into nearby 
rapidly fiowing water becomes highly susceptible to 
being carried away. 

(b) Loosening of the soil particles at the surface, giving 
the run-off waters an opportunity to act upon them. 

(c) Turbulence in the run-off water which aids in the 
maintenance of the soil particles in suspension. 
Shattering or breaking down of the soil aggregates 
into more easily erodible material. 

(e) Rearranging of the particles at the ground surface 

which serves to reduce the infiltration rate. 
(f) Puddling and tamping which tends to alter the soil 
structure near the surface, resulting in a thin com- 
pacted layer which further reduces the infiltration 
rate and thereby increases the run-off rate and rate 
of soil erosion. As rearranging, puddling and tamp- 
ing progress, the erodibility of the surface decreases. 
Leveling, or localized erosion and deposition, which 
reduces depression storage and results in greater 
amounts of run-off and soil loss. Leveling is a result 
of several of the primary actions. 

2. Because of splashes, a large part of the run-off oc- 
curring from each small area of bare soil consists of water 
and soil transported to that area by means of splashes 
from the adjacent areas. Consequently, the soil and water 
losses by run-off from any small area of bare soil are less if 
the area is bounded by areas from which splashing does not 
eccur. It was observed that a large part of soil and water 
losses from a 2-foot square plot of soil subjected to an 
erosive rain took place through the medium of splashes 
rather than th.ough the medium of run-off. This phenom- 
enon is implicity involved in the balk method of farming. 

3. In some of the tests the soil surface was covered for 
brief periods with a roof that shielded the soil from direct 
hits by the raindrops, but drained their water gently onto 
the seil. Under this condition, overland fow was occur: ing 
without rainfall impact effects. When the roof was _ re- 
moved, the sume magnitude of flow existed but with dis- 
turbances caused by the striking raindrops. A run-off rate 
of 8 inches per hour was observed to produce no erosion 
when the roof protected the soil surface. When the roof 
was suddenly removed, the soil concentration jumped to 2 
percent by weight of the run-off. 

4. Experiments of this type have wide application be- 
cause they show individual processes, uncomplicated by ex- 
ternal factors. Thus, one practical value of the above ex- 
periment is to demonstrate the essential function of soil 
covers. It is evident that any cover, whether it be metal, 
stone, vegetation or plant residues, that protects the soil 
surface from rainfall impact, will reduce soil losses mate- 
rially. 

5. Depending upon plot conditions, the results also show 
that there is a certain rate of overland flow below which 
erosion will not occur from the action of run-off alone. 
Although in these experiments the bed material was an 
agricultural soil and the depths of flow were only a few 
bundreths of an inch, this result should not be surprisinz, 
since many experimenters concerned with the movement of 
bed load in open channels have determind that for any 
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given bed material and flow condition there exists a critica) 
velocity below which scour does not occur. 

6. With these facts in mind, the following important 
paradox in the mechanics of erosion can be stated: The 
velocity of non-erosive flow affects erosion. With the aid 
of the disturbances caused by beating rain, otherwise sub- 
critical or non-erosive flows do move soil and—just as in 
erosive tows—their velocity affects the erosive rate. It is 
easily observed that many particles raised from their resting 
plices for a brief moment at raindrop impact, travel down 
slope. The distance of travel is undoubtedly dependent 
upon the velocity of run-off. 

7. There is some evidence, obtained from mechanical 
analyses of the sediment load from two tests which differed 
in run-off rate, that variations in run-off rate and con- 
sequently velocity, affected the amount of the largest par- 
ticles but not the finest. Thus, it may be concluded that a 
condition exists in these shallow “sheet” flows that is 
closely analogous to that reported as existing in streams. 
Here, as in rivers, the quantity of fine soil carried in sus- 
pension does not appear to be influenced greatly by the rate 
of run-off, On the other hand, the amount of larger par- 
ticles which move as bed load appears to increase with in- 


creasing ow velocity. If this be true, then insofar as the 
test conditions represent field conditions—and it is believed 
they do for an appreciable portion of most cultivated fields for 
most run-off periods—the erosive forees accompanying rainfall 
impact are solely responsible for the losses of the finer 
portion of the soil. And methods devised to reduce the 
velocity of overland flow, which do not protect the soil sur- 
face from rainfall impact or reduce the total quantity of 
run-off, will not effectively reduce the losses of this highly 
impo-tant finer portion of the soil which carries much of 
the fertility. 


Finally, it appears that Mr. Ellison’s reference (5) 
(Sci. Mon. 1940, 63, 241) is nonexistent. 
Norvat L, STOLTENBERG 
Agricultural Engineering Building 
Purdue University 
Lafayette, Indiana 


1Ed. Note: This reference was erroneously recorded. 
The article in question starts on p. 241 of vol. 68, 1949, of 
The Scientific Monthly. 


Book Reviews 


Anatomy of the Dicotyledons: Leaves, Stem, and Wood 
in Relation to Taxonomy, 2 vols. C. R. Metcalfe and 
L. Chalk. New York: Oxford Univ. Press, 1950. 1,500 
pp. $25.00 the set. 

During a period when it seems that altogether too many 
botanists are wasting their time and effort in adding to 
an already marked superfluity of elementary botany texts, 
it is indeed refreshing when others demonstrate that they 
have a far better understanding of the real needs of the 
botanical sciences. The present book is a basic and truly 
monumental contribution toward a comprehensive knowl- 
edge of the vegetative organs of the Dicotyledons on a 
taxonomic basis. 

The work is founded upon Solereder’s Systematic 
Anatomy of the Dicotyledons and has the same chief aim 
—namely, to emphasize the taxonomic and phylogenetic 
values, of anatomical characters—but the oft-repeated 
complaints against Solereder’s treatise have been cireum- 
vented. The larger part of the book and the introdue- 
tion are the work of the senior author, the junior one 
being responsible mainly for the descriptions of secondary 
woods. They were assisted by many other specialists. 

The introduction is superb; every aspect of each sub- 
ject treated, the pros and cons as advanced by various 
workers, have been fully discussed with admirable per- 
spicacity. 

Treatment of the families follows Bentham and Hooker 
in general, with the addition of those whose erection since 
their time has been generally recognized. Each family 
is begun with a terse summary concerning (1) general 
features and (2) wood anatomy, following which the leaf, 
axis, and root are discussed, together with paragraphs on 
ecological anatomy, anomalous structure, economic uses, 
and taxonomic notes. Roots are too briefly described 
and are omitted entirely for many families; in the re- 
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viewer’s experience, these organs deserve more attention 
than most botanists seem to realize. 

Factual errors are remarkably few. The reviewer 
checked numerous statements concerning plants of which 
slides were available but found only one inaccuracy. The 
leaf of Petalonyx thurberi (p. 669), said to be centric, 
actually is isobilateral, and the vascular tissue of the 
midrib consists entirely of lignified, pitted cells. Most 
of the errors concern geographical distribution, but many 
of these plainly were copied from sources which in turn 
were mistaken. As one instance, the citation for the dis- 
tribution of the Saururaceae (p. 1127), which is given 
as Malayan, is apparently taken from Hutchinson’s 
Families of Flowering Plants, yet the latter illustrates 
Anemopsis californica as representative of the family. 
All authors concerned should have observed that the spe- 
cific epithet hardly refers to a Malayan region. No 
typographical errors have been noted, but one wonders 
why ‘‘s’’ is substituted for the ‘‘z’’ in Schizandraceae. 

One specific criticism concerning morphological-taxo- 
nomic relationships is pertinent: the inclusion of Trapa 
in the Onagraceae (p. 664 et seq.). All the morphologi- 
eal and embryogenie evidence, which should have been 
noticed by the authors, excludes that genus from the 
family. 

The typography is most pleasing, with important terms 
or characters in bold-face type. The binding, however, 
reveals immediate evidence of rather cheap and careless 
workmanship. 

The hope of the senior author that taxonomists will 
recognize the value of anatomical characters in the de- 
limitation of all taxonomic groups from families down to 
species seems to be somewhat optimistic, if the extent to 
which readily available cytomorphological, not to mention 
embryonomic, data have been ignored in the past by all 
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save a few systematic botanists is any criterion. In any 
event, for plant morphologists this is unquestionably the 
most useful reference work ever compiled. 

But anatomy alone will not solve all taxonomic prob- 
lems in the Angiosperms: the aid afforded by the other 
morphological fields must also be taken into considera- 
tion. When the data of anatomy, of microsporogenesis, 
and megagametogenesis, plus those of embryonomy and 
cytology, are all brought together, we may get the answer 
to the ancient and harrowing question: ‘‘What is a 
species?’’ 

DonaLp A. JOHANSEN 
California Botanical Materials Co. 
Pomona, California 


Structure of Molecules and the Chemical Bond. Y. K. 
Syrkin and M. E. Dyatkina; translated and revised by 
M. A. Partridge and D. O. Jordan. New York: Inter- 
science; London: Butterworths Scientific Publs., 1950. 
509 pp. $8.75. 


The first chapter of this book includes an introduction 
to wave-mechanical ideas and the hydrogen-atom wave 
functions, and the second develops the periodic table. 
The next five chapters develop the theory of the chemical 
bond, taking up in order the covalent bond, saturation 
and direction of bonds, resonance of valence structures, 
resonance of covalent and ionic structures, and the molee- 
ular-orbital method. Then comes a chapter on diatomic 
spectra, dealing chiefly with the subject of potential en- 
ergy curves. The next few chapters take up particular 
properties: vibrational frequencies and interatomic dis- 
tances, dipole moments, bond energies, and intermolecular 
attraction. The three chapters following deal with cer- 
tain types of compounds: crystals, complexes, and the 
boron hydrides. The last three chapters are rather more 
mathematical, dealing with the calculation of resonance 
energy in aromatic molecules and giving a number of 
derivations whose results are quoted earlier. 

The book deals with the correlation and interpretation 
of observed structural data, and with the interpretation 
of chemical behavior in structural terms. Methods of 
determining molecular structure are not discussed. The 
mathematical level, except for the final chapters, is not 
demanding but is adequate; in fact, we feel it strikes 
just the right pitch, especially in the first and third 
chapters, which treat basic wave mechanics and Heitler- 
London theory, respectively. 

This task of presenting the quantum theory of chemical 
bonding without using much mathematics is one of the 
most difficult that any teacher faces. There are several 
good books on the subject. Does this book offer anything 
new and useful? We think it does. First, the presenta- 
tions of several basic ideas, though not new or flawless, 
are well done. Second, the book gives a wealth of ex- 
perimental data, much more than is usual, to illustrate 
the topics discussed ; enough data are given for the reader 
to see for himself just how well the rules are obeyed. 

The way in which these data are given, however, and 
this wealth of illustration, give rise to our chief criticism. 
The data are presented uncritically and without adequate 
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references, and no indication is given of their reliability. 
Similarly, structural interpretation and speculation on 
various cases are given uncritically and are, we feel, 
carried too far; the chapter on the boron hydrides is an 
example of this. The concepts of modern valence theory 
are very useful, but their application to chemical prob- 
lems is an art, and a delicate art at that, rather than a 
routine logical procedure; one must be able to judge 
which theoretical conclusions are absolutely sure, and 
which are speculative. The student should develop this 
ability to place his bets wisely. We fear that this book 
will not help him to cultivate this ability as much as it 
could. 

The text seems uneven. We liked the treatment of 
van der Waals forces but disliked that of the hydrogen 
bond; we thought the treatment of vibrational frequen- 
cies too superficial and empirical, and were surprised to 
find no discussion of such correlations as Badger’s rule; 
we felt the discussion of metallic structures was far too 
brief. Some of this unevenness may arise from the re- 
vision of the book during translation; but on the whole 
we feel that the translators are to be commended. Some 
of the better sections, notably the chapter on molecular 
orbital theory, are among those that were rewritten. 

We can recommend the book as a useful addition to 
the textbooks on this subject; if the critical viewpoint 
ean be externally supplied, this book should be valuable 
and stimulating. But we should not advise a student to 
read it without concurrent discussions with someone 
learned in the art of which it treats. 

Bryce L. CRAWFoRD, JR. 
School of Chemistry 
University of Minnesota 


A History of Experimental Psychology. 2nded. Edwin 
G. Boring. New York: Appleton-Century-Crofts, 1950. 
777 pp. $6.00. 


Boring has revised his history of experimental psy- 
chology. Important news for psychology this—the re- 
vision of a classic. During the twenty-odd years since 
the publication of the first edition, nearly every contem- 
porary psychologist has been stimulated by it. In re- 
vision, the classic will achieve even greater importance. 

The second edition is a true revision. In Professor 
Boring’s own estimate (a fair one), ‘‘. . . the new edi- 
tion is about one-third larger than the old, is one-half 
new writing and uses for its other half about two-thirds 
of the old edition.’’ The treatment of the emergence of 
science (22 pp.) now throws into relief the problem of 
the great man versus the Zeitgeist in the interpretation 
of history, and Boring returns again and again to this 
problem. The emergence of psychology within science, 
particularly within physiology (127 pp.), is treated with- 
out much change from the first edition. The discussion 
of the emergence of psychology within philosophy (116 
pp-) includes a new chapter on the Scottish faculty school 
and the French materialists, as well as a new section on 
Kant. The founding of experimental psychology by 
Fechner, Helmholtz, and Wundt (73 pp.) is little changed. 
The establishment of modern psychology in Germany (106 
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pp.) includes a new section on Hering and a revised treat- 
ment of Kiilpe; the establishment of modern psychology 
in Great Britain (44 pp.) is new in considerable part. 
The establishment of modern American psychology (79 
pp-) gives an old chapter on the pioneers and a new 
chapter on functionalism at Chicago and Columbia, and 
within educational psychology and mental testing. The 
old survey of psychology by decades is gone, being re- 
placed by new chapters on Gestalt psychology (33 pp.), 
behavioristies (44 pp.), brain funetion (28 pp.), and 
dynamic psychology (43 pp.). The book ends with a 
reassessment of psychology (9 pp.) as Boring now sees it. 

Like the old, the new edition treats history in terms 
of personalities. The life, the development of ideas, the 
impact on students and colleagues, are described for each 
of psychology’s great men and most of its near-great. 
Here the lecturer can find assembled those tidbits of per- 
sonal information that bring the dead past alive for the 
student. Here are not only the ideas of the past, but 
also an interpretation of how they came into being, with 
interesting conclusions about the role of the great man 
in history. 

Knowing that this book is a true revision, which, never- 
theless still treats history in terms of personalities, psy- 
chologists will ask but one question about it. Does it, 
now, really go beyond the development of structural psy- 
chology; beyond sensation, perception, and the classical 
treatment of the higher mental processes; beyond that 
somewhat limited group of men who arrogated to them- 
selves the name of experimental psychologists and, by 
implication, relegated the student of learning, the mental 
tester, the social psychologist, and others to fields only 
partially within the realm of science? There is no simple 
answer to the question. 

Twenty years have made a change in Boring. The 
great events in psychology’s history are now Fechner’s 
Elemente der Psychophysik, Ebbinghaus’ Ueber das 
Gedichtnis, and Freud’s Die Traumdeutung. The lives 
and something of the ideas of such moderns as Holt, Tol- 
man, Hull, Skinner, Sears, Lashley, Lewin, and Murray 
are described. Psychology’s greatest names are Darwin 
and Freud, Helmholtz and James, and Boring is no longer 
concerned with whether one can properly call these men 
‘experimental psychologists’’ or even ‘‘ psychologists.’’ 
Titchener is now ‘‘important in the history of American 
psychology’’ rather than ‘‘very important,’’ as the first 
edition held him to be. Dynamic psychology merits a 
whole chapter to itself, a chapter which leaves the im- 
pression that much of the future belongs to this field. 
On the other hand, an uncritical reader of the index 
might conclude that Wundt and MeDougall are the only 
names of importance in the history of social psychology. 
Thomas Brown’s secondary principles of association are 
incompletely listed in a sentence, whereas Wundt’s tridi- 
mensional theory oceupies a page, and Lotze’s theory of 
space perception covers three and one-half pages. Learn- 
ing theories, as such, are never developed, even though 
Ebbinghaus’ contribution is now seen to be that of open- 
ing up the field of learning rather than the field of higher 
mental processes. 

This reviewer is in doubt as to whether he should criti- 
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cize Boring for his omissions in broadening the term ‘‘ ex- 
perimental psychology’’ or praise him for broadening it 
as much as he has. The Zeitgeist has worked on Boring, 
but, as a psychologist might except, it has not com- 
pletely changed the personality of twenty years ago. 
Since the book will, and should, influence at least one 
more generation of psychologists, it can only be concluded 
that the accidents of personality will produce a genera- 
tion better oriented in the history of experimental psy- 
chology narrowly defined than in the history of experi- 
mental psychology broadly defined. 

Readers of the first edition will not be surprised to 
hear that the second edition is written for readers who 
have more than a passing acquaintance with psychologi- 
eal terms and ideas. For such readers the new book will 
be superbly clear, far more so than the first edition. At 
times it will purposely amuse. Frequently it will sparkle 
with stimulating integrations and contrasts. It will not 
distract with errors of proof or print. It is a classic, 
revised and much improved. 

CHARLES W. Bray* 
Human Resources Research Center 
Lackland Air Force Base 
San Antonio, Texas 
* The views expressed in this review are those of the 


autbor and do not necessarily represent the official views of 
the United States Air Force. 


Scientific Book Register 


Structural Chemistry of Inorganic Compounds, Vol. I. 
Walter Hiickel; translated by L. H. Long. New York: 
Elsevier, 1950. 437 pp. $9.00. 

Pathologic Physiology: Mechanisms of Disease. William 
A. Sodeman, Ed. Philadelphia: Saunders, 1950. 808 
pp. $11.50. 

Coléoptéres Curculionides, Part I: Faune de France, Vol. 
52. Adolphe Hoffmann. Paris, Paul 
Lechevalier, 1950. 486 pp. 

Coléopteres Psélaphides; Faune de France, Vol. 53. René 
Jeannel. Paris, France: Paul Lechevalier, 1950. 421 
Ppp- 

Organic Syntheses, Vol. 30. Arthur C. Cope, Ed. New 
York: Wiley; London: Chapman & Hall, 1950. 115 pp. 
$2.50. 

The Theory of Valuations. O. F. G. Schilling. New 
York: American Mathematical Society, 1950. 253 pp. 
$6.00. 

Forest Products. Nelson Courtlandt Brown. New York: 
Wiley; London: Chapman & Hall, 1950. 399 pp. 
$5.00. 

Existence Theorems in Partial Differential Equations. 
Dorothy L. Bernstein. Princeton, N. J.: Princeton 
Univ. Press, 1950. 228 pp. $2.50. 

Mathematical Snapshots. Rev. ed. H. Steinhaus. 
York: Oxford Univ. Press, 1950. 266 pp. $4.50. 

The Friction and Lubrication of Solids. F. P. Bowden 
and D. Tabor. New York: Oxford Univ. Press, 1950. 
337 pp. $7.00. 


France: 


New 


7 

543 


Association Affairs 


The Cleveland Meeting, December 26-30, 1950 


1I—The Programs in Mathematics, Physics, Astronomy, and Chemistry 


Last week we described briefly some of the high lights 
of the Annual Science Exposition, which is so important 
a part of the Annual Meetings of the AAAS. This week 
we offer a preview of the scientific programs to be pre- 
sented at Cleveland. 


PrRoGRAM OF SECTION A—MATHEMATICS 


Sessions 1-6. Section A will cosponsor with The Biom- 
etric Society, Eastern North American Region, the fol- 
owing six-session symposium on Mathematical Biology 
and Biometry: 

Part I. Wednesday morning, December 27, Nicolas 
Rashevsky, Committee on Mathematical Biology, Univer- 
sity of Chicago, presiding. 

1. ‘‘The Kinetics of Reactions in Biological Systems. ’’ 
Herman Branson, Department of Physics, Howard Uni- 
versity. 

2. ‘*On Some Thermodynamic Aspects of Stationary 
Systems.’’ J. Z. Hearon, Department of Physiology, Uni- 
versity of Chicago. 

Part II. Wednesday afternoon, December 27, Leslie 
Nims, Biology Department, Brookhaven National Lab- 
oratory, presiding. 

1. ‘‘Geometry, Statistics, Biophysics.’’ Karl Menger, 
Department of Mathematics, Illinois Institute of Tech- 
nology, Chicago. 

2. ‘*Applications of Random Net Theory to the 
Mathematical Biology of the Nervous System and to 
Epidemiology.’’ Anatol Rapoport and Alfonso Shimbel, 
Committee on Mathematical Biology, University of 
Chicago. 

3. ‘*The Application of Latent Structure Analysis to 
Some Social Science Problems.’’ Paul F. Lazarsfeld, 
Department of Sociology, Columbia University. 

Part 1II. Thursday morning, December 28, Karl Menger 
presiding. 

1. ‘*Mathematical Biology of Social Phenomena.’’ 
Nicolas Rashevsky. 

2. ‘‘On Dominance Relations and the Structure of 
Animal Societies.’’ H. G. Landau, Committee on Mathe- 
matical Biology, University of Chicago. 

Part IV. Thursday afternoon, December 28, Herman 
Branson presiding. 

1. ‘‘A Physical Theory of Decompression Sickness.’’ 
Leslie Nims. 

2. ‘‘Near Balance Rectangular Lattices.’’ Boyd 
Harshbarger, Statistical Laboratory, Virginia Polytechnic 
Institute, Blacksburg. 

Part V. Friday morning, December 29, Anatol Rapoport 
presiding. 

1. ‘‘Theoretical and Experimental Aspects in the Re- 
moval of Airborne Matter by the Human Respiratory 
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Tract.’’ H. D. Landahl, Committee on Mathematical 
Biology, University of Chicago. 

2. ‘*Two Opposite Aspects of the Dose-Freqyuency 
Curve in Radiobiology.’’ I. Opatowski, Committee on 
Mathematical Biology, University of Chicago. 

Part VI. Friday afternoon, December 29, Boyd Harsh- 
barger presiding. 

1. ‘‘A Formula for the Velocity of Conduction of 
Excitation.’’ I. Opatowski. 

2. ‘*The Interpretation of Lethality Statistics in 
Terms of a Continuous Stochastic Process.’’ George 
Sacher, Division of Biological and Medical Research, 
Argonne National Laboratory. 


Sessions 7-8. Section A has arranged a two-session 
symposium on Mathematics in Applied Science. 

Part I. Saturday morning, December 30, Robert F. 
Rinehart, Department of Mathematics, Case Institute of 
Technology, presiding. 

1. ‘‘Operations Research and Mathematicians.’’ 
Philip M. Morse, Department of Physics, Massachusetts 
Institute of Technology. 

2. ‘*Finite Difference Methods in the Theory of 
Structures.’’ Oscar Hoffman, Department of Civil En- 
gineering, Case Institute of Technology. 

3. ‘‘Deformations and Stresses in Bourdon Tubes.’’ 
Robert A. Clark, Depariment of Mathematics, Case In- 
stitute of Technology. 

4. ‘‘Numerical Solution for Nonlinear Elliptie Partial 
Differential Equations.’’ L. R. Turner, Lewis Flight 
Propulsion Laboratory, Cleveland. 

Part II. Saturday afternoon, December 30, Sidney W. 
McCuskey, Department of Mathematics, Case Institute of 
Technology, presiding. 

5. ‘‘Nonealeulational Mathematics in Engineering.’’ 
Brockway MeMillan, Bell Telephone Laboratories. 

6. ‘‘On the Use of Mappings in Designing Cascades 
for Compressible Flows.’’? George R. Costello, Lewis 
Flight Propulsion Laboratory, Cleveland. 

7. ‘*Theory of Geodesies Applied to Electromagnetic 
Propagation between Curved Plates.’’ Kaiser Kunz, 
Department of Electrical Engineering, Case Institute of 
Technology. 


ProcRaAM OF SecTION B—Puysics 


Session 1. Wednesday morning, December 27, symposium 
on Fifty Years of Quantum Theory, Robert B, Brode, De- 
partment of Physics, University of California at Berkeley, 
presiding. 


1. ‘‘Fifty Years of Quantum Theory.’’ Karl K. 
Darrow, Pell Telephone Laboratories. 
2. ‘Developments from Wave Mechanies.’’ Edward 


U. Condon, National Bureau of Standards. 


Science, Vol. 112 


8 
] 


' 
ay 
| 
wa 
4 
= 


Session 2. Wednesday afternoon, December 27, joint 
symposium of Section B and Section D—Astronomy on 
Fifty Years of Quantum Theory in Astronomy, Alfred 
H. Joy, Mount Wilson Observatory, presiding. 

1. ‘‘Atomie Spectra for Astrophysies.’’ 
Moore Sitterly, National Bureau of Standards. 

2. ‘‘Interpreting Spectra of Stellar Atmospheres in 
Gaseous Nebulae.’’ Lyman Spitzer, Jr., Princeton Uni- 
versity Observatory. 

3. ‘‘Energy Sources in the Stars and their Influence on 
Stellar Structure.’’ Geoffrey Keller, Perkins Observa- 
tory, Delaware, Ohio. 


Charlotte 


Session 3. Thursday morning, December 28, joint sym- 
posium of Section B and Section E—Geology and Geog- 
raphy on The Implications of Nuclear Phenomena in 
Geology, Edward Teller, Institute of Nuclear Studies, 
University of Chicago, presiding. 

1. ‘‘Origin of the Universe and the Earth.’’ Harri- 
son Brown, Institute of Nuclear Studies, University of 
Chicago. 

2. ‘*Geologie Processes in the History of the Earth.’’ 
Patrick M. Hurley, Massachusetts Institute of Tech- 
nology. 

3. ‘‘ Existing Distributions of Materials on the Earth.’’ 
George Bain, Amherst College. 


Session 4. Thursday afternoon, December 28 (will be 
reported next week). 


AMERICAN METEOROLOGICAL SOCIETY 


Wednesday afternoon, December 27, Conference of 
Midwestern Meteorologists. 


Oak Rivce INsTITUTE OF NUCLEAR StupiEs Jomnt Pro- 
GRAM WITH THE Oak RIDGE NATIONAL LABORATORY 


Session 1. Thursday morning, December 28, William 
G. Pollard, Oak Ridge Institute of Nuclear Studies, 
presiding. 

1. ‘*The Stockpiling and Rationing of Scientific Man- 
power.’’ H. D. Smyth, U. 8. Atomie Energy Commission, 
Washington, D. C. 

2. ‘*Impact of the Developments in Atomic Energy 
on the Sciences.’’ E. P. Wigner, Princeton University 
and Oak Ridge National Laboratory. 

3. ‘The Role of Chemisiry in the Development of 
Atomic Energy.’’ J. A. Swartout, Oak Ridge National 
Laboratory. 


Session 2. Thursday afternoon, December 28, seminar 
on Ten Years of Atomic Energy—A Review of Progress. 
Alvin M. Weinberg, Oak Ridge National Laboratory, 
presiding. 

Members of the Seminar Panel: M. C. Leverett, NEPA 
Project, Fairchild Engine and Airplane Corporation; 
Philip Sporn, American Gas & Electric Service Corpora- 
tion; C. G. Suits, Generai Electric Company; J. A. Swart- 
out, Oak Ridge National Laboratory; E. P. Wigner; and 
W. H. Zinn, Argonne National Laboratory. 

Among the specific topics to be discussed in this sem- 
inar will be the outlook for the development of atomic 
power (led by Zinn); the role of military developments 
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of atomic power (led by Leverett); and the question of 
how private industry can best participate in the develop- 
ment of atomic energy (led by Sporn and Suits). 


ProGRAM oF SECTION D—ASTRONOMY 


Session 1. Tuesday morning, December 26, contributed 
papers (to be announced), J. J. Nassau, Warner and 
Swasey Observatory, Case Institute of Technology, pre- 
siding. 


Session 2. Tuesday afternoon, December 26, contrib- 
uted papers (to be announced), Alfred H. Joy presiding. 


Session 3. Tuesday evening, December 26, address of 
the retiring vice president of Section D. ‘‘Stellar Ex- 
plorations with the Spectrograph.’’ Alfred H. Joy. 


Session 4. Wednesday morning, December 27. Inspec- 
tion of the equipment of the Warner and Swasey Observa- 
tory, and possible session for papers. 


Session 5. Wednesday afternoon, Dccember 27, sym- 
posium on Fifty Years of the Quantum Theory in 
Astronomy ; joint session of Section B—Physics and Sece- 
tion D—(See program of Section B.) 


ProcRaM or Section C—CHEMISTRY 


The programs of Section C are given only in part; pro- 
grams in chemistry concerned mainly with biology and 
medicine will appear next week. 

Tours: Tuesday, December 26, will be devoted entircly 
to tours of industrial and academic laboratories. Of the 
26 tours planned, the following will be of particular in- 
terest to chemists and physicists: 

Aluminum Company of America 

American Gas Association Laboratory 

Case Institute of Technology 

Ferro Enamel Corporation 

The Glidden Company 

B. F. Goodrich Company 

Harshaw Chemical Company 

Lewis Flight Propulsion Laboratory, NACA 

Nela Park, General Electric Company 

Republic Steel Company 

Sherwin Williams Company 

Standard Oil Company (of Ohio) 

Thompson Products Auto Album and Aviation Museum 
Western Reserve University 


Sessions 1-2. Symposium on Advances in Inorganic 
Chemistry. 
Part I. Friday morning, December 29, W. Conard 
Fernelius, Pennsylvania State College, presiding. 

1. Introductory Remarks. W. C. Fernelius. 

2. ‘*The Newer Refractories.’’ L. 8. Foster, Ordnance 
Department, Watertown Arsenal. 

3. ‘‘The Metallurgy of the Less Familiar Elements.’’ 
B. W. Gonsor, Battelle Memorial Institute. 

4. ‘*The Chemistry of Hafnium and Zirconium.’’ E. 
M. Larsen, University of Wisconsin. 

5. ‘*Recent Developments in the Field of the Rare 
Earths.’’ L. L. Quill, Michigan State College. 
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Part II. Friday afternoon, December 29, W. C. Fer- 
nelius presiding. 

1. ‘*The Use of Magnetic Susceptibility Measurements 
in Inorganic Chemistry.’’ P. W. Selwood, Northwestern 
University. 

2. ‘*The Importance of Trace Elements in Chemistry.’’ 
Roland Ward, University of Connecticut. 

3. ‘*The Fundamental Chemistry of Glass.’’ 
Weyl, Pennsylvania State College. 

4. ‘‘Recent Developments in the Field of Coordination 
Compounds.’’ W. C. Fernelius and B. E. Douglas, 
Pennsylvania State College. 


A. 


Sessions 3-4. Symposium on Forensic Science. 
Part I. Saturday morning, December 30, Ralph F. 
Turner presiding. 

1. Introductory Remarks. 

2. ‘*Pathology.’’ Alan 
University. 

3. ‘*Pathology.’’ Frank Dutra, University of Cin- 
cinnati, School of Medicine. 

4. ‘*Pathology.’’ Sam Levinson, University of Ili- 
nois, College of Medicine. 

5. ‘‘Chemistry and Spectroscopy. Charles Um- 
berger, Office of the Chief Medical Examiner, Division of 
Laboratories, Bellevue Hospital, New York. 

Part II. Saturday afternoon, December 30, Ralph F. 
Turner presiding. 

1. ‘‘The Petrographie Aspects of Scientific Crime De- 
tection.’’ R. H. Jevons, Special Agent, Federal Bureau 
of Investigation. 

2. ‘*Ballisties.’’ 
consin. 

3. ‘*Toxicology.’’ C. W. Muehlberger, State Crime 
Detection Laboratory, Michigan State Department of 
Health. 

On Saturday noon, December 30, there will be a 
Luncheon for all Chemists, Edward F. Degering, Miner 
Laboratories, presiding. Roger Adams, Department of 
Chemistry, University of Illinois, and President of the 
AAAS, will be guest speaker. 

Additional programs that will appeal to those in the 


Ralph F. Turner. 


Moritz, Western Reserve 


J. H. Mathews, University of Wis- 


tields of mathematics, physics, astronomy, and inorganic 
chemistry are concerned with nuclear engineering and 
atomic power (Section M—Engineering) ; a four-session 
symposium on radiobiology (Section Nm—Medicine) ; 
and the annual addresses of the Scientific Research 
Society of America and the Society of the Sigma Xi. 
An outline of these and other programs will appear in 
subsequent issues of SCIENCE. 

RayMonp L. TAYLor 
Assistant Administrative Secretary 


Life Members 


The AAAS Membership Office, 1515 Massachusetts 
Ave., N.W., Washington 5, D. C., would appreciate re- 
ceiving information concerning the whereabouts of the 
following life members. The year indicates when AAAS 
membership was first obtained, and the address is the 
last known. 


Hugo Blumenthal (1916) 
The Sherry Netherlands, 59th St. & 5th Ave., New 
York City 22 
Dr. E. M. Burwash (1922) 
20 Wood St., Toronto, Ontario, Canada 
A.W. Elliott (1938) 
Apartment 2-D, 562 W. 113th St., New York City 25 
Miss Mary L. Jackson (1919) 
6842 Penn Ave., Pittsburgh, Pa. 
Frederick Atkins Johnston (1908) 
153 St. Marks Place, New Brighton, Staten Island, 
Dr. Kwong Yung Kwang (1912) 
Lincheng Mines, Lincheng, Chihli Province, Kin- 
Han Railway via Peking, N. China 
Fred I. Lackenbach (1925) 
908 Butler Bldg., San Francisco 9, Calif. 
Rev. J. D. Marmor 
12 E. 115th St., New York City 
Dr. Shigeo Yamanouchi (1906) 
Department of Botany, University of Chicago, 
Chicago, Ill. 
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News and Notes 


The International Congress of Mathematicians 


C. Raymond Adams 
Department of Mathematics, Brown University, Providence, Rhode Island 


The congress was held at Cambridge, Massachusetts, 
August 30-September 6 under the auspices of the Ameri- 
can Mathematical Society, with Harvard University as 
host institution and with the American Academy of Arts 
and Sciences, Boston College, Boston University, Massa- 
chusetts Institute of Technology, and Tufts College as 
co-hosts. 

The sessions were formerly opened by Garrett Birkhoff, 
of Harvard, as chairman of the Organizing Committee, 
who introduced the president of the congress, Oswald 
Veblen, of the Institute for Advanced Study in Prince- 
ton. Jaeques Hadamard, of the Collége de France, was 
honorary president. In his address of welcome, Veblen 
observed that by the time of the Oslo Congress in 1936 
‘*the colonial period of American mathematics had 
ended,’’ and an invitation to bold the next congress in 
the United States in 1940 was extended and accepted. 
He paid graceful tribute to his lifelong friend, the late 
George David Birkhoff, of Harvard, who was to have 
been president of the congress in 1940 had its postpone- 
ment not been made necessary by Wor!d War II. 

In recognition of recent research accomplishments of 
outstanding merit, the Fields gold medals, each accom- 
panied by an honorarium of $1,500, were awarded to the 
Norwegian mathematician Atle Selberg, aged 33, now a 
permanent member of the Institute for Advanced Study, 
and to Laurent Schwartz, aged 35, of the University of 
Nancy, France. The awards were made by Harald Bohr, 
of the University of Copenhagen, acting as chairman of 
the International Committee of Selection. He referred 
to the decision of the committee to limit its choice to 
young men of already high attainment and great promise, 
in the face of the numerous and significant contributions 
made since 1936 by many older mathematicians of estab- 
lished reputation. 

Bohr reviewed briefly the work for which the Fields 
awards were made. In 1896 an estimate was established 
for the frequency with which prime numbers appear in 
the succession of positive integers; this is known as the 
prime number theorem. The first and several later proofs 
of this theorem were based on sophisticated considera- 
tions involving the complex zeros of the Riemann zeta- 
function, and such an eminent expert in the field of num- 
ber theory as the late G. H. Hardy, of the University of 
Cambridge, expressed the belief that no ‘‘elementary’’ 
proof of the theorem could be devised. Selberg has 
found several such elementary proofs and has substan- 
tially increased our knowledge of the distribution of 
primes among the integers. 

In contrast with Selberg, who has introduced new 
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methods into the study of old problems now regarded as 
classical, Schwartz has brought forward new fundamental 
ideas, in particular a fruitful extension of the common 
notion of function which he terms a distribution. He 
has already made several applications of this idea, which 
not only makes possible the more elegant formulation of 
known results of harmonic analysis, but promises to pro- 
vide a useful tool for attacking many problems in poten- 
tial theory, spectral theory, and the theory of partial 
differential equations. The 1948 paper by Schwartz on 
the theory of distributions ‘‘will stand as one of the 
classical papers of all time,’’ predicted Bohr. 

By invitation of the Organizing Committee addresses 
were given by 22 speakers: A. A. Albert, A. Beurling, 
S. Bochner, H. Cartan, 8. 8. Chern, H. Davenport, K. 
Godel, W. V. D. Hodge, H. Hopf, W. Hurewiez, 8. Kaku- 
tani, M. Morse, J. von Neumann, J. F. Ritt, A. Rome, L. 
Schwartz, A. Wald, A. Weil, H. Whitney, N. Wiener, R. 
L. Wilder, and O. Zariski. Conferences on algebra, 
analysis, applied mathematics, and topology, with about 
90 participants, were a feature of the program. At ad- 
ditional sessions more than 400 papers were contributed 
on algebra and theory of numbers, analysis, geometry 
and topology, probability and statistics, actuarial sci- 
ence, economics, mathematical physics and applied mathe- 
matics, logic and philosophy, and history and education. 

At the plenary session on September 6 Marshall Stone, 
of the University of Chicago, reported plans for the 
organization of an International Mathematical Union, 
which had been made by representatives from 22 coun- 
tries who met August 27-29 in New York City. This 
union will come into effective existence as soon as the 
organized mathematicians of 10 countries become adher- 
ents under the bylaws formulated by the New York con- 
vention. On behalf of his colleagues in Holland, J. G. 
van der Corput, of the University of Amsterdam, pre- 
sented an invitation to hold the next congress at Amster- 
dam in 1954. This invitation was unanimously accepted. 

Attendance at the congress—by far the largest gather- 
ing of mathematicians ever held—exceeded 2,300 persons, 
including about 300 representatives and delegates from 
more than 40 foreign countries, representatives from the 
U. §S., and delegates from 15 American societies and 
academies. The USSR Academy of Science sent a cable 
to J. R. Kline, of the University of Pennsylvania, secre- 
tary of the congress, expressing appreciation of its invi- 
tation and the hope that the congress would be a signifi- 
eant event in mathematical science, but regretting that 
‘*Soviet mathematicians, being very much occupied with 
their regular work, will be unable to attend.’’ 
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Social events included receptions at the Fogg Museum 
of Art and the Gardner Museum, a reception and organ 
recital at Boston University, a tea at Wellesley College, 
a banquet tendered by Harvard University, and concerts 
by the Busch Quartet, Richard Dyer-Bennett, and Helen 
Traubel. 

The Econometric Society held its summer meeting at 
Harvard in conjunction with the congress. Special con- 
ferences and symposia were held immediately preceding 
or directly after the congress on fluid mechanics, on the 
theory of functions of several complex variables, and on 
algebraic geometry at Harvard; on differential geometry 
at Boston University; on computing machinery at the 
National Bureau of Standards, Washington, D. C.; on 
differential equations at the University of Maryland; and 
on plasticity at Brown University. 

In his address Veblen remarked, ‘‘ Mathematicians are 
terribly individual.’’ So, also, is mathematics, in the 
sense that it has become specialized to an extent that 
makes out of place here a more detailed description of 
the scientific program of the congress. For such a re- 


port interested readers must await the publication of the 
Proceedings of the congress. 

The sessions gave ample evidence that on a wide front 
the boundaries of mathematical knowledge are being 
pushed back, as rapidly as they have ever been in the past, 
by a host of competent workers and by a substantial num- 
ber of men of exceptional imagination and power. The 
increasing mathematical requirements of government and 
industry, both in the U. 8. and other countries, and the 
availability of modern calculating machines, are acceler- 
ating the influx of problems from the natural sciences 
that not only has long been recognized as healthful and 
vitalizing, but also as actually essential to the well- 
rounded development of mathematics. Whether the pres- 
ent generation of mathematicians includes men of the 
stature of Gauss (1777-1855), Riemann (1826-66), Poin- 
earé (1854-1912), and Hilbert (1862-1943) can only be 
determined later. But we can be confident that this gen- 
eration will prove to be responsible trustees of the tradi- 
tion of scientific progress that has been handed down by 
its predecessors. 


American Chemical Society’s 118th National Meeting 


Walter J. Murphy 
American Chemical Society 


An appeal to President Truman to act at once to pre- 
vent a dangerous waste of scientific manpower in the cur- 
rent international crisis was made by the American 
Chemical Society, through its Board of Directors, at the 
society ’s 118th national meeting, which was held in Chi- 
cago September 3-8. 

In a unanimously adopted resolution, the board specifi- 
cally asked the President to designate some one Federal 
agency to formulate and administer an effective program 
for the training and use of technical personnel in time 
of national emergency. The resolution also invited other 
scientific associations to join the ACS in setting up a 
national committee to work with the government on this 
problem. 

Ernest H. Volwiler, in his presidential address, urged 
Congress to spell out in selective service legislation a 
three-point policy on the drafting of scientists and their 
utilization in the armed forces. His three points were: 
that key scientists in industry, government, and edu- 
cation be left in their posts to carry through total 
mobilization of the nation; that scientists in the armed 
forces be assigned to the tasks in which their special 
training would be most valuable; and that outstanding 
science students be deferred while they completed their 

_ training. No blanket deferment for chemists, chemical 
engineers, or other scientists is sought by the ACS, it was 
emphasized; the society merely seeks the most efficient 
utilization of the special skills of all scientists and en- 
gineers. 

A serious lag in scientific research in colleges was re- 
ported by Charles A. Kraus, professor emeritus in Brown 
University, who received the society’s Priestley Medal at 
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a general assembly in the Hotel Stevens, convention head- 
quarters. Dr. Kraus, a director and former president of 
the ACS, said the failure of many colleges to sponsor ade- 
quate research programs resulted to a large extent from 
lack of appreciation of the importance of research and 
not from financial limitations alone. Yet, he said, ‘‘our 
continued well-being, indeed our very existence,’’ may 
depend on the effective application of research to our 
ever-growing problems. 

The names of eight 1951 award winners were an- 
nounced by Dr. Volwiler. They are: Garvan Medal— 
Katherine B. Blodgett, General Electrie Company Re- 
search Laboratory, Schenectady, N. Y.; American Chem- 
ical Society Award in Pure Chemistry—John C. Sheehan, 
Massachusetts Institute of Technology; Fritzsche Award 
in Essential Oils—Edgar Lederer, Institut de Biologie 
Physico-Chimique, Paris, France; Precision Scientific 
Company Award in Petroleum Chemistry—Louis Schmer- 
ling, Universal Oil Products Company, Chicago; Fisher 
Award in Analytical Chemistry—Hobert H. Willard, Uni- 
versity of Michigan; Borden Award in the Chemistry of 
Milk—Thomas L. MeMeekin, Eastern Regional Research 
Laboratory, Philadelphia; Paul-Lewis Laboratories 
Award in Enzyme Chemistry—Arthur Kornberg, Na- 
tional Institutes of Health, Bethesda, Md.; Eli Lilly & 
Company Award in Biological Chemistry—John M. Bu- 
chanan, University of Pennsylvania School of Medicine. 

A new theory of virus invasion of living eells, which 
may hold far-reaching implications for the prevention 
and treatment of virus diseases, was announced in one of 
the 1,181 technical papers—an all-time record—presented 
at the meeting. Based on the discovery that a virus at- 
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tuck on a specific cell is a two-step process, the theory 
explains that in the first step the virus becomes attached 
to the target cell as the result of a purely electrical at- 
traction, governed by metallic ions normally present in 
the cell’s environment, according to Theodore T. Puck, 
head of the Department of Biophysics in the University 
of Colorado Medical Center. Laboratory experiments 
have shown that by introducing certain other metallic 
ions, such as zine, which are not ordinarily present, it is 
possible to block this attraction and thus make the cell 
immune to the virus, Dr. Puck said. 

Evidence that arteriosclerosis may be prevented 
through the use of the vitaminlike substance inositol was 
reported by Stephanie J. Ilka, William C. Feleh, and 
Louis B. Dotti, of St. Luke’s Hospital, New York. Their 
experiments on animals indicate that inositol ean effee- 
tively reduce the blood’s content of cholesterol, the fatty 
compound widely suspected of causing arteriosclerosis by 
clinging to the arterial walls. 

Broad new fields of application for antibiotics may be 
opened by discoveries concerning the special properties 
of two compounds announced at the meeting. One of 
the new compounds, known as Netropsin, ‘‘has been 
found to be active against clothes moth larvae and the 
black carpet beetle,’’ according to A. C. Finlay and three 
colleagues, of Charles Pfizer & Company, Brooklyn. The 
other new antibiotic, which was isolated from the roots 
of a tropical flowering plant instead of from the soil, has 
shown high potency as a fungicide. This substance, 
ealled Plumericin from the name of the souree—Plumeria 
multiflora—was reported by John Little, head of the De- 


About People 


Felix T. Adler, member of the 
Institute for Advanced Study, 
Princeton, 1941-42, and Julius Ash- 


in cell biology. 


be in charge of invertebrate studies 
and will continue his investigations 


partment of Agricultural Biochemistry at the Vermont 
Agricultural Experiment Station, who is testing more 
than 1,700 plants in a search for other antibiotics. 

Successful preparation of both curium metal and 
americium metal was announced at a session on the chem- 
istry of the actinide elements. Curium metal is so radio- 
active that it glows as brightly as a flashlight in the 
dark, according to J. C. Wallman, W. W. Crane, and B. 
B. Cunningham, of the University of California. With 
berkelium (element 97) and californium (element 98), 
discovered in the past year, nuclear chemists now believe 
the actinide series runs as high as 103, although they are 
not sure the iast few elements in the series ever will be 
isolated, said Glenn T. Seaborg, University of California. 

Effective methods of disposing of radioactive waste 
materials, new insecticides and other agricultural chemi- 
cals from petroleum, and recent progress in the produe- 
tion and use of cortisone and ACTH also were reported 
at the meeting, in which 8,000 chemists and chemical 
engineers participated. 

Appointment of John H. Nair, assistant director of 
research of Thomas J. Lipton, Inc., Hoboken, N. J., as 
chairman of the society’s Diamond Jubilee Committee 
was announced by Dr. Volwiler at close of the meeting. 
Dr. Volwiler said the society’s anniversary celebration in 
New York in September, 1951, and the sessions of the 
International Union of Pure and Applied Chemistry and 
the International Congress of Pure and Applied Chem- 
istry, scheduled for the same month, will be held as 
planned unless they are precluded by the international 
situation at that time. 


ean Home Economies Association ; 
and John Peter Wynne, National 
Philosophy of Education Society. 


kin, formerly assistant professor at 
the University of Rochester, have 
been appointed to the faculty of the 
Carnegie Institute of Technology 
Physics Department. 


Now a member of the Department 
of Physiology and Pharmacology, 
Wayne University, Marion I. Barn- 
hart will continue at Wayne her 
research work in cellular physiology. 
Miss Barnhart has just completed 
her work for the doctor’s degree at 
the University of Missouri. 


Ralph Buchsbaum, formerly re- 
search associate in the Department 
of Zoology and in the Institute of 
Radiobiology and Biophysics at the 
University of Chicago, has been ap- 
pointed professor of zoology in the 
Department of Biological Sciences, 
University of Pittsburgh. He will 
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Nicholas D. Cheronis, formerly at 
the Wright Branch of Chicago City 
College, has been appointed pro- 
fessor and chairman of the Depart- 
ment of Chemistry of Brooklyn Col- 
lege. 

Appointed managing editor of the 
Biological Bulletin, to succeed H. 
Burr Steinbach, is Donald P. Cos- 
tello, of the University of North 
Carolina. 


The inauguration of Earl Hamp- 
ton McClenney, Sr., as third presi- 
dent of St. Paul’s Polytechnic Insti- 
tute, Lawrenceville, Va., took place 
October 12. Among the delegates 
attending were Reuben Roosevelt 
MeDaniel, American Mathematical 
Society; Lorin A. Thompson, Amer- 
ican Academy of Political and So- 
cial Science; Keturah E. White- 
hurst, American Psychological As- 
sociation; M. E. V. Hunter, Ameri- 


A Special Fellow of the National 
Cancer Institute, U. 8S. Public 
Health Service, for the coming year 
is Alfred Novak, of the Department 
of Biological Science, Michigan State 
College. He will work with Henry 
Borsook on the biosynthesis of pro- 
teins at California Institute of Tech- 
nology. 


Jane M. Oppenheimer, associate 
professor of biology at Bryn Mawr 
College, has been awarded a Rocke- 
feller fellowship for the academic 
year 1950-51, to enable her to make 
an international survey of the prob- 
lem of raising the general level of 
scientific understanding in the world 
today. 


Visitors 
Under the sponsorship of ECA, 


Demetrius Thalellis, director of the 
Plant Improvement Institute, Salon- 
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ika, and Demetrius 8. Katakouzinos, 
director of the Soils Laboratory, 
Athens, Greece, have been making 
a study of saline and alkaline soils 
and their relation to plant growth, 
on the Davis campus of the Univer- 
sity of California. Erik Hjalmer 
Akerberg, associate professor of re- 
search and technical instruction, 
Royal Agricultural College of Swe- 
den, also visited the Davis campus, 
to study forage crop improvement. 


The Institute for Fluid Dynamics 
and Applied Mathematics, Univer- 
sity of Maryland, recently presented 
Werner Heisenberg in two public 
lectures. Dr. Heisenberg is direc- 
tor of the Max Planck Institute for 
Physics, University of Gdéttingen, 
Germany. He spoke on the ‘‘Sta- 
tistical Theory of Turbulence’’ and 
the ‘‘ Present Situation in the Theory 
of Elementary Particles.’’ 


Nobuyoshi Kato, Kyoto Univer- 
sity, Yoshihiro Asami, Hokkaido 
University, and Yasushi Watanabe, 
Tohoku University, Japanese educa- 
tors, are making a tour of engineer- 
ing colleges in the U. S. under the 
Exchange-of-Persons Program spon- 
sored by the Department of the 
Army’s Far East Command. The 
program was arranged by the Insti- 
tute of International Education. 


Charity Weymouth, director of 
the Tissue Culture Section of the 
Chester Beatty Research Institute, 
Royal Cancer Hospital, London, is 
visiting the Tissue Culture Labora- 
tory of the University of Texas 
Medical Branch, Galveston, for spe- 
cial work with Charles M. Pomerat. 
She will also visit other representa- 
tive tissue culture laboratories in 
this country. 


Fellowships 


The Institute of Industrial 
Health of the University of Cincin- 
nati is accepting applications for a 
limited number of fellowships for 
graduate studies leading to the de- 
gree of Doctor of Industrial Medi- 
cine. Any registered physician who 
is a graduate of a Class A medical 
school and who has completed sat- 
isfactorily two years of residency 
(including internship) in a hospital 
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accredited by the American Medica] 
Association may apply. The course 
of instruction consists of a two-year 
period of intense preliminary train- 
ing in the basic phases of industrial 
medicine, followed by one year of 
practical experience under adequate 
supervision in industry. During the 
first two years, the stipends vary 
from $2,100 to $3,000. In the third 
year, the candidate will be com- 
pensated for his service by the indus- 
try in which he is completing his 
training. Requests for additional in- 
formation should be addressed to the 
Institute of Industrial Medicine, Col- 
lege of Medicine, Cincinnati 19, 
Ohio. 


The World Health Organization is 
offering 9 to 12 fellowships for 
foreign study in the field of health, 
available for 1951. Grants are for 
periods of two to three months for 
observation and up to 12 months for 
study. Transportation is provided 
to the place of study and in the 
country visited. The stipend is 
from $160 to $200 a month for those 
studying in one place, and from 
$240 to $300 for those moving 
about. Applications may be ob- 
tained from the Educational Pro- 
grams Branch, Division of Interna- 
tional Health, U. 8. Public Health 
Service, Washington, D. C., and 
must be returned in triplicate by 
January 1, 1951. 


The 11th annual William Lowell 
Mathematical Competition will be 
held March 31, 1951, under the spon- 
sorship of the Mathematical Associa- 
tion of America. The competition is 
open to undergraduate students in 
universities and colleges of the U. 8. 
and Canada. The questions will be 
taken from the fields of calculus 
(elementary and advanced), with ap- 
plications to geometry and mechanics 
rot involving techniques beyond the 
usual applications, higher algebra 
(determinants and theory of equa- 
tions), elementary differential equa- 
tions, and geometry (advanced plane 
and solid analytic). Prizes to be 
awarded to the departments of 
mathematics of the institutions with 
the winning teams are $400, $300, 
$200, and $100. In addition, prizes 
of $40, $30, $20, and $10 will be 
awarded to the members of these 


teams, $50 to each of the five highest 
contestants, and $20 to each of the 
succeeding five highest contestants. 
Each winner will receive a medal. A 
$1,500 William Lowell Putnam 
Prize Scholarship at Harvard Uni- 
versity or at Radcliffe College will 
go to one of the first five, to be 
available immediately or on com- 
pletion of the student’s undergrad- 
uate work. Any college or uni- 
versity wishing to enter contestants 
may secure application blanks from 
L. E. Bush, 112 Albertus Magnus 
Hall, College of St. Thomas, St. 
Paul 1, Minn. Applications must be 
filed not later than March 1, 1951. 


Colleges and Universities 


An interscience commission has 
been established at the University 
of Pennsylvania in recognition of 
the growing need for closer interac- 
tion between workers in the physical 
sciences and engineering, and those 
in the biological and medical sci- 
ences. Functions of the commission 
include integration of those research 
programs which bring the influence 
of the physical sciences into the so- 
lution of medical or biological prob- 
lems, and the survey of physical 
facilities required for this type of 
interscienee. Only students of high 
caliber, willing to devote four years 
of full-time study to doctoral pro- 
grams, are encouraged to elect the 
new area of specialized study. The 
chairman of the commission is Brit- 
ton Chance, director of the Johnson 
Foundation for Medical Physies. 
David R. Goddard, professor of 
botany, and S. Reid Warren, pro- 
fessor of electrical engineering in 
the Moore School of Electrical En- 
gineering, are members of the Ad- 
visory Committee. 


The Einar Naumann Medal, one 
of the highest honors given for 
work limnology, has_ been 
awarded to the University of Wis- 
consin by the International Asso- 
ciation of Limnology, at its annual 
meeting in Ghent, Belgium, in mem- 
ory of two pioneers in the field, the 
late President Emeritus Edward A. 
Birge and the late Chauncey Juday. 
Professor Birge, who died June 9, 
1950, at the age of 98, was the old- 
est holder of the Ph.D. degree in 
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the U. 8., the oldest member of Phi 
Beta Kappa, and the oldest active 
member of a university faculty. 
Birge and Juday began their work 
together in 1905, and their associa- 
tion lasted until Juday’s death in 
1944. The medal is named in honor 
of a Danish limnologist who was a 
contemporary of Birge and Juday. 


Recent appointments to the Ap- 
plied Physics Laboratory, The Johns 
Hopkins University, are Charles I. 
Beard, formerly with the Magnolia 
Petroleum Co., Dallas, Texas; Robert 
W. Hart, of Catholic University; 
Fred K. Elder, Jr., of the University 
of Wyoming; John B. Garrison, 
from the University of Chicago; 
John J. Sopka, Tufts College; 
Joseph H. Zelinski, Pennsylvania 
State College; Jordan J. Markham, 
Brown University; Gwynne B. 
Swartz, University of Maryland; 
Robert P. Rich, The Johns Hopkins 
University; Raydeen R. Howard, 
Duke University; and William 
Liben, Brookhaven National Labo- 
ratory. 


Norman O. Smith, formerly of the 
Chemistry Department of the Uni- 
versity of Manitoba, has joined the 
faculty of Fordham University as 
associate professor of physical chem- 
istry. M. J. McGuinness, Jr., 
formerly research chemist for E. I. 
du Pont de Nemours and Company, 
has joined the faculty as assistant 
professor of chemistry. 


Industrial Laboratories 


Eli Lilly and Company has ap- 
pointed A. Lee Caldwell head of its 
newly created Product Technical 
Service Department. Dr. Caldwell 
was formerly head of the company’s 
nutrition and vitamin research. 


Antara Products, General Ani- 
line & Film Corporation, 444 Madi- 
son Ave., New York 22, has avail- 
able on request Data Bulletin #303, 
an 8-page folder giving properties, 
characteristics, uses, and handling 
information for 1,4-butanediol. 


Nutritional Biochemicals Corpora- 
tion has issued a new catalogue 
listing nearly 500 biochemicals of 
nutritional, biological, microbiologi- 
cal, and medical significance. In- 
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eluded are amino acids, nucleopro- 
teins, purines, pyrimidines, crystal- 
line vitamins, accessory growth fac- 
tors, miscellaneous biochemicals, 
media for microbiological proce- 
dures, purified proteins, carbohy- 
drates, and various experimental 
diets. Copies can be obtained by 
writing to Nutritional Biochemicals 
Corporation, Cleveland 5, Ohio. 


An injectable form of terramycin 
has been made available to the medi- 
eal profession by Chas. Pfizer & 
Co., Inc., sole producer of the new 
drug. Terramycin Intravenous, the 
name under which this new dosage 
form will be marketed, will be espe- 
cially valuable for treatment where 
immediate therapeutic action is es- 
sential and in the treatment of hos- 
pitalized patients who cannot take 
the customary forms of oral anti- 
biotic medication. 


The Gulf Oil Corporation will 
assist in the establishment of a chair 
of geology at the American Univer- 
sity of Beirut, Lebanon, beginning 
this academic year. Roy A. Wilson, 
a geologist with Gulf, will hold the 
chair and will teach physical geog- 
raphy, engineering geology, and 
physical geology, all new subjects in 
the university. 


Meetings and Elections 


The American Petroleum Insti- 
tute will hold its 30th annual meet- 
ing in Los Angeles, November 13-16, 
at the Biltmore and Ambassador 
Hotels. In addition to almost 100 
committee sessions, which will begin 
November 9, two general and numer- 
ous group sessions will be held. 
Frank M. Porter, president of the 
institute, will address the general 
session on November 15, and Benja- 
min F. Fairless, president of United 
States Steel Corporation, and Reese 
H. Taylor, president of Union Oil 
Company of California, will be 
speakers on November 16. Further 
information and the advance pro- 
gram may be obtained from the De- 
partment of Information, American 
Petroleum Institute, 50 W. 50th St., 
New York 20. 


Governor Ernest Gruening will ad- 
dress the Alaskan Science Confer- 
ence, to be held in Washington un- 


der the sponsorship of the National 
Academy of Sciences—National Re- 
search Council, November 9-11. The 
conference will consist of 20 indi- 
vidual sessions, including 3 symposia 
and one public meeting at which 
government officials will speak and 
special Alaskan films will be shown. 
The organization of the conference 
has been carried out by a steering 
committee appointed by the chair- 
man of the National Research Coun- 
cil, and ineludes representatives from 
the Departments of the Interior, 
Agriculture, Commerce, Army, Navy, 
Air Force, the Federal Security Ad- 
ministration, the Aretie Institute of 
North America, the Smithsonian In- 
stitution, the American Geographical 
Society, the University of Alaska, 
and the Alaskan Territorial Govern- 
ment. 


The Medical Women’s Interna- 
tional Association’s 6th congress 
was held September 10-16 at the 
Woman’s Medical College, Phila- 
delphia. The opening exercises of 
the 101st year of the Woman’s Medi- 
eal College, at which A. Charlotte 
Ruys, of Amsterdam, president of the 
congress spoke, were a feature of 
the meeting. A program of clinic 
demonstrations and scientific papers 
by the faculty of the college, under 
the chairmanship of L. Kraeer Fer- 
guson, professor of surgery, was also 
included. New officers elected at 
the association’s meeting are Ada 
Chree Reid, New York City, presi- 
dent; G. Montreuil-Strauss, France, 
Inger Haldorsen, Norway, Zaida 
Eriksson-Lihr, Finland, Graee Cuth- 
bert, Australia, Doris Odlum, Eng- 
land, and M. T. Cassassa, Italy, 
vice presidents. Dr. Odier-Dollfus, 
France, is honorary treasurer, and 
Janet Aitken, England, honorary 
secretary. Their terms of office will 
run until the next international con- 
gress, to be held in four years, if 
world conditions permit. 


Two papers, one on the effect of 
the sun’s altitude on daylight, by 
R. H. Bingham and Herman Hoer- 
lin, research scientists at Anseo Re- 
search Laboratories, Binghamton, N. 
Y., and the other a short-cut photo 
process that eliminates fixing and 
washing of prints, by E. C. Yackel, 
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Kodak Research Laboratories, were 
high lights of the convention of the 
Photographic Society of America in 
Baltimore October 18-21. The or- 
ganization elected 8 men to honorary 
membership and cited 23 new fellows 
and 69 associates. New officers of 
the PSA Technical Division, which 
represents the national society in 
matters of standards of photographic 
materials, equipment, and processes, 
are William F. Swann, Eastman 
Kodak Company, Rochester, chair- 
man; Theron T. Holden, Graflex, 
Ine., Rochester, vice chairman; and 
William H. Fritz, National Carbon 
Division, Union Carbide and Carbon 
Corp., secretary-treasurer. 


Three hundred chemists and chemi- 
cal engineers attending a combined 
meeting of Oklahoma’s three local 
sections of the American Chemical 
Society at Bartlesville heard Wayne 
E. White, research chemist for the 
Ozark-Mahoning Company, Tulsa, 
state that treatment of al! drinking 
water with fluorine compounds to 
improve the dental health of the 
nation is now virtually assured. 


The Association of Consulting 
Chemists and Chemical Engineers 
elected the following officers at its 
annual meeting, October 24: presi- 
dent, Erwin Di Cyan, Di Cyan & 
Brown; vice president, Earl D. 
Stewart, Schwarz Laboratories; 
treasurer, Robert S. Aries, Robert 
8. Aries & Associates; and secretary, 
Albert Parsons Sachs, consulting 
chemical engineer, New York City. 


NRC News 


The American Cancer Society will 
inaugurate in 1951 a program to help 
newly trained scientists establish 
themselves in the field of cancer re- 
search. The Grants for Scholars in 
Cancer Research, as the program will 
be known, are designed to bridge the 
gap between completion of fellow- 
ship training and the period when 
the scientist has thoroughly demon- 
strated his competence as an inde- 
pendent investigator. A limited 
number of American Cancer So- 
ciety scholars will be appointed an- 
nually on recommendation of the 


Committee on Growth of the Na- 
tional Research Council. A grant 
of $18,000, payable over three years, 
will be made directly to each schol- 
ar’s institution by the society as a 
contribution toward his support and 
research. Medical schools, hospi- 
tals, research institutes, and other 
institutions with a substantial in- 
terest in cancer research are invited 
to submit applications for these 
grants. They should be submitted 
before January 1, 1951, for grants 
to be effective July 1. Inquiries 
and requests for forms should be 
addressed to the Executive Secre- 
tary, Committee on Growth, Na- 
tional Research Council, 2101 Con- 
stitution Ave., Washington 25, D. C. 


The Medical Fellowship Board of 
the NRC is now accepting applica- 
tions for postdoctoral research fel- 
lowships for 1951-52 under the fol- 
lowing programs: National Re- 
search Fellowships in the Medical 
Sciences, supported by grants from 
The Rockefeller Foundation, provide 
opportunity for training in research 
in all branches of medical science. 
They are open to citizens of the U. S. 
or Canada who hold the M.D. or 
Ph.D. degree. The fellowships are 
intended for recent graduates (who 
as a rule are less than 30 years of 
age). Welch Fellowships in In- 
ternal Medicine, also administered 
for The Rockefeller Foundation, pro- 
vide a prolonged period of advanced 
training to persons of proved re- 
search ability. They are open to 
physicians under 40 years of age who 
are citizens of the U. S. Fellow- 
ships in Tuberculosis have been 
made available by a grant from the 
National Tuberculosis Association. 
These awards are limited in number 
and are designed to promote the 
training and development of investi- 
gators in this field. They are open 
to citizens of the U. S. who are 
graduates of American schools and 
preferably not more than 30 years of 
age. Preference will be given to 
applicants who have the degree of 
M.D. or Ph.D. Only in exceptional 
circumstances will a fellowship be 
awarded to an applicant without 
either of these degrees. Fellows will 
be appointed at a meeting of the 
Medical Fellowship Board early in 


March 1951. Applications for con- 
sideration at this meeting must be 
filed before December 1, 1950. Ap- 
pointment may begin at any date 
determined by the board. For 
further information, address the 
Secretary, Medical Fellowship Board, 
National Research Council, 2101 
Constitution Avenue, N.W., Wash- 
ington 25, D.C. 


Deaths 


Ewald Boecking, 56, inventor and 
mechanical engineer, died at his home 
in Great Kills, Staten Island, N. Y., 
August 18. Dr. Boecking was the 
inventor of a film projector designed 
to eliminate flicker and to provide a 
clearer picture on the screen, a major 
improvement in projection technique. 


Nicholas Mikhailovich Cboukhoff, 
77, research professor emeritus of 
electrical engineering and professor 
emeritus of mathematical physics at 
Oklahoma A & M College, died July 
30 in Stillwater, Okla. Dr. Obouk- 
hoff was the author of many scien- 
tifie and technical papers published 
in France, Russia, China, Germany, 
and the U. 8. 


James I. Shannon, 8.J., director 
of the Department of Physics, Saint 
Louis University, St. Louis, Mo., 
since 1913, died September 8, at the 
age of 81. A member of the faculty 
from 1909, Father Shannon was ac- 
tive in building up the Department 
of Physics, and in addition taught 
field courses in geology. 


Julius Terrass Willard, chemist, 
administrator, and college historian 
of Kansas State College, died July 
26, at the age of 88. Dr. Willard 
had been a member of the faculty 
since 1883 and had served as dean 
of general science until 1930, as well 
as two terms as acting president of 
the college. 


M. F. Coolbaugh, 73, president 
emeritus of the Colorado School of 
Mines and a nationally known con- 
sulting engineer, died September 9 
as the result of a heart attack. The 
new million-dollar Colorado School 
of Mines chemistry building, now 
under construction, has been named 
in his honor. 
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Covers both theory and practice 


ION EXCHANGE RESINS 


By Ropert Kunin and Rosert J. Myers, Rohm & Haas Company. This book is de- 
signed to save scientists time in their work with ion exchange and to prevent duplication 
of effort in future research on the subject. The authors assemble, digest, and clarify a 
sizeable portion of the literature on ion exchange resins. In order to cover all types of 
ion exchange resins, Drs. Kunin and Myers include a considerable amount of their own 
unpublished data on commercial resins. In addition to its reference use, lon Exchange 
Resins also serves as an introduction to this subject of ever-growing importance. 
November 1950. 212 pages. 108 illus. $4.75 


Correlates 50 years’ technical developments 
THEORY of MENTAL TESTS 


By Haroitp GULLIKSEN, Princeton University. Summing up and correlating technical 
developments of a half-century, this book now brings together the material necessary for 
a firm grounding in test theory. It is built on the solid foundation of completely worked- 
out derivations plus careful analyses of underlying reasoning of the formulas involved. 
In addition to summarizing past work, the author presents such of his own findings as a 
theory of incidental selection for the multivariate case to help in proper use of corrections 
for restriction of range. October 1950. 486 pages. $6.00. 


From the stand point and by the methods of a pure science— 


SOILS: Their Origin, Constitution, and Classification 

An Introduction to Pedology. Third Edition. By the late Gipert Woopinc Rostnson. 
The first part covers the origin, constitution, and properties of soils in their natural re- 
lationships. Following this is descriptive material on the chief soil groups of the world 
with illustrative examples. The problems of classification of soils is discussed with the 
author supplying his own well-organized system. The remainder offers a treatment of 
soils surveys and analysis and a discussion of the relationships of soil, plant growth, and 
agriculture. October 1950. 573 pages. Prob. $5.00. 


Food handling from public health view point 
PUBLIC HEALTH ENGINEERING 


Volume II. By Earve B. PHetps, University of Florida, with Wacter D. TrepeMan, 
New York State Department of Health. Deals with the third major division into which 
man’s environment may be subdivided: food. The book illustrates those principles of 
sanitation which, applied to the production, handling, and distribution of food, have direct 
public health significance. Two foods, milk and shellfish, are treated exhaustively be- 
cause each is characterized by special conditions and problems of major health impli- 
cations. November 1950. 213 pages. Illus. $4.00. 


Send for copies on approval. 


JOHN WILEY & SONS, Inc., 440 Fourth Avenue, New York 16, N. Y. 
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REASONS 


FOR USING 
TAYLOR 


pH COMPARATORS 


ACCURACY—Taylor pH sets use the accepted color- 
imetric method of comparison. Color standards 
absolutely guaranteed against fading. 


EASE—AIl color standards necessary for each 
indicator are enclosed within one handy slide, no 
fragile single standards to handle, nothing to 
lose or break. 


3 SPEED—Simply place the prepared sample in the 
middle tube in the base, move the slide across 
until the colors match and .. . there’s the value. 


FOR COMPLETE RELIABILITY—Specify and Use Taylor 
Indicators and Buffers. Available in crystalline form 
or in solution, specially prepared in our own labora- 
tory. Guaranteed pure and uniform. Shipped in resis- 
tant glass bottles. 


See your dealer or order from the following list: 


Indicator Solution Vials | | 100m1./ 250m.) 500ml./ 1000m1. 
(003 A - Acid Cresol Red......... $0.50 | $0.7 $1.00 | $2.00 | $3.00 | $5.00 
003 B - 50 7 .00 2.00 3.00 00 
003 C - -50 2.00 .00 .00 
003 D - I -50 2.00 3.00 .00 
OOS E - -50 .0O 2.00 
003 F -50 2.00 .00 .00 
003 G - -50 .00 00 
003 V - -50 .00 3.00 .00 
003 H - -50 00 .00 
I -50 00 | 3.00 00 
003 K - 3.00 .00 
003 L. - -50 00 .0O 00 
003 M - 1 Bi -50 00 00 00 
003 N - Phthalein Red 50 
003 O - -50 00 00 00 00 
003 P - 50 00 00} 3.00 
003 2 Parazo Or: -50 00 .00 
003 R - Acyl! Blue 50 3.00 
003 S - Benzo 50 3.00 
003 T - Thymol Red? -50 00 00 | 3.00 00 
003 U - Long Range Indicator®.... 50 .00 .0O 00 .00 


All Prices F. O. B. Baltimore *Sold in solution form only. 


Write for igpatios on Taylor crystalline in- 
dicators or buffer salts, solutions and mixtures. 


W. A. TAYLOR 


416 RODGERS FORGE RD. » BALTIMORE-4, MD. 


14 


HIGH VACUUM PUMPS 
for EFFICIENT OPERATION 


of valuable high 
vacuum data, 
charts, tables, 
etc. 


F.J.STOKES MACHINE COMPANY 


IGH vacuum process- 
ing in the labora- 
tory or plant necessi- 
tates vacuum pumping 
equipment to get the 
low pressures required 
for efficient operation. 

Stokes Muicrovac 
Pumps answer the need 
for reliable, high vac- 
uum pumping equip- 
ment .. . higher volu- 
metric efficiency, lower 
power requirements, 
fool-proof operation 
assured. 

And, Stokes high 
vacuum McLeod gages 
provide a quick, con- 
venient, dependable 
means for accurately 
measuring vacuum. 

Your high vacuum 
problems are welcome 
at Stokes . . . may we 
serve you? 


F. J. STOKES MASHIYE CO 


5958 TABYR RIAD 
PHILADELPHIA 20. PA. 


STATHAM 
Physiological Pressure Transducers 


EKG 


Recorder 


The Model P23 pressure transducers were specifi- 
cally designed for the purpose of measuring and re- 
cording arterial and venous blood pressures. The 
system illustrated above demonstrates how simply 
measurements can be obtained with Statham 
transducers. 


Please write our 
Engineering Department 
for more specific data. 


SCIENTIFIC INSTRUMENTS 
9328 Santa Monica Blvd., Beverly Hills, Calif. 
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BOOKS 


HUMAN BIOLOGY. New 2nd edition 


By Georce A. BalTsELL, Yale University. McGraw-Hill Publications in the Zoological Sci- 
ences. 700 pages, $6.00 


Presents a general revision of a successful college text. The order of treatment remains essen- 
tially the same, but new changes have broadened the scope of the text by presenting more ‘‘ general 
biology’’ data. The author’s treatment is particularly intensive and timely in the areas of cell 
structure and function, nerve tissues, reproduction and heredity. 


ELASTICITY. Proceedings of Symposia in Applied Mathematics. Volume III 

Edited by R. V. Cuurcnitz, University of Michigan. In press 
This volume consists of seventeen papers presented at the American Mathematical Society’s Third 
Symposium on Applied Mathematics. The book represents a selection of recent developments in 
the mathematical theory and applications of elasticity and plasticity, and contains extensions of 
approximation methods and of the general theory of elastic and plastic deformation. 


PROPAGATION OF SHORT RADIO WAVES 
Edited by Donaup E. Kerr, The Johns Hopkins University. Volume 13. Massachusetts In- 
stitute of Technology Radiation Laboratory Series. 716 pages, $10.00 

Here collected and summarized are the results of various experiments in the field of radar and 


communication of frequencies too high to be affected by the ionosphere. It deals with the propa- 
gation characteristics of radiation at frequencies above 100 Mc/s. 


THEORY OF PROBABILITY 

By M. E. Munroe, University of Illinois. In press 
The aim of this text is to present in terms of integrals studied in first-year calculus an outline of 
the mathematical framework and a number of the more important results of modern investigations 
in probability theory. The usual elementary manipulations (addition and multiplication theorems, 
ete.) are covered, but the emphasis is on the concept of a stochastic variable and the use of this 
concept as a framework for the statement and proof of probability limit theorems. 


Send for copies on approval 


‘930 WEST 42ND STREET, NEW YORK 138, Wie 
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LEAD SHIELDS 


TECHNICAL ASSOCIATES 


PIONEER MANUFACTURERS OF RADIATION INSTRUMENTS 
3728 SAN FERNANDO ROAD, GLENDALE 4, CALIFORNIA 


NEW Type 


POLARIMETER 


Schmidt & 
Haensch 


According to 
Mitscherlich 


This new model offers many advantages. The old fashioned 
Laurent plate is improved by the use of 7° Calcite half- 
shadow prisms. The light source is attached to the instru- 
ment so that it is always ready for use. The glass disc is 
divided into 360° and the precision glass scale is divided 
from 0 to 10, thus omitting the vernier, which so often 
leads to mistakes. Glass circle and scale are completely 
enclosed in a cast iron case, protecting them from corrosion 
and damage. 


Field of vision is divided into two parts by the optical 
system. In measuring, the analyzer is rotated until both 
fields appear equal in color. Adjustable eye-piece of tele- 
scope provides sharp view. Instrument takes tubes up to 
200 mm. long. 

Obtainable at laboratory supply dealers or from us. 
Bulletin 334 on request. 
FISH-SCHURMAN CORPORATION 
230 East 45th Street, New York 17, N.Y. 


reach over 


32,000 


foremost scientist 

in the leading 

educational institutions 
research foundations 

and industrial laboratories 
.. . for LESS THAN 2/10th 
OF A CENT per scientist. 


Your sales message in an ad this size costs only $55.00 at the 
l-time rate—less for multiple insertions. If you have a 
product or service of value to scientists, send your advertising 
copy NOW, in time for the special “Pre-Convention Issue’ 
dated December 8th. Prove to yourself the effectiveness of 
SCIENCE in increasing your market, sales, AND PROFITS. 


Ad rates will be increased slightly, effective January 1951, 


so take advantage of the present rates for your test insertion 
—send your “copy” NOW! 


SCIENCE the scientist weekly 
1515 Mass. Ave., N.W., Wash. 5, D. C, 
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Alfred F. 
Huettner 


FUNDAMENTALS 
OF COMPARATIVE 
EMBRYOLOGY 

OF THE 
VERTEBRATES 


> 
z 
> 
> 
> 


Alfred F. Huettner is Professor of Biology and 
Chairman of the Department of Biology, Queens 
College, New York. 


This book trains the advanced student in the morphological as- 

pects of various types of vertebrate embryos. Dr. Huettner 

follows the same general plan of organization in this revised 

T edition as in the first edition and maintains the same morpho- 

logical point of view. He has, however, drawn upon the helpful 

suggestions of other teachers of embryology in making many changes and cor- 

rections throughout the book with regard to textual and illustrational material. 

The meticulous drawings by Dr. Huettner are unsurpassed in Biology text- 

books. Much new material has been included in this edition and two new chap- 

ters have been added: History and Theories of Development and The Embryol- 
ogy of the Pig. 


Revised Edition, 1949 309 pp. Ill. $5.00 


THE MACMILLAN COMPANY 
60 Fifth Avenue, New York 


November 3, 1950 
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Keep your copies of SCIENCE 
always available for quick, easy 
reference with this all-purpose 


@ It’s PRACTICAL—simply snap the magazine in with a 
strong flat wire, without cutting, punching, or 
mutilating. Snap it out just as easily . . . all in 
a matter of seconds. It opens FLAT—for easy 
reference and readability. Holds 26 issues. 


@ Its ATTRACTIVE—ix beautiful maroon buckram, 


> 75 stamped in gold leaf. A fine addition to your 
library. 
POSTPAID @ It’s DURABLE—sturdily constructed to withstand much 


use—ideal for classroom, laboratory, and library. 
Personal check or 


money order, please @ It’s PERSONAL—your name stamped on the cover for 


7 ly 60¢ in additi th 1 i # $2.75 


Science © 1515 Massachusetts Ave., N.W., Washington 5, D.C. 


Some Fundamental Aspects of the Cancer Problem, 1937, Out of print. 


MAMMARY TUMORS IN MICE, 1945: 


10 contributors, VIII + 223 pages, 7% x 10%, ——, double column, illustrated, 
- 50. Cash order price to A.A.A.S. members $3.00 
- Coordinated knowledge of cancer of the breast in mice. 
. It cannot fail to stimulate interest and further research efforts in one of our most 
fascinating and important biological problems. 
. Prepared by members of the staff of the National Cancer Institute. 


A.A.A.S. Research Conference on Cancer, 1945, Out of print. 


APPROACHES TO TUMOR CHEMOTHERAPY, 1947: 
93 contributors, X +442 pages, 7% Xx 10¥2, clothbound, double column, illustrated, 
” 75. Cash order price to A.A.A.S. members $6.50. 
. A progress report, addressed largely to future workers. 
- An important and trustworthy reference book. 
. Planned under the auspices of National Cancer Institute, Memorial Hospital of 
New York, Sloan-Kettering Institute for Cancer Research, Lankman Institute 


of Philadelphia, and others. : 
TO: AAAS, 1515 Mass. Ave., N.W. 


Washington 5, D. C. 


Enclosed is $......... Please accept my order for said 
o MAMMARY TUMORS in MICE 
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| 
PHOTOVOLT) 


Radiation-Detection 
Densitometer Mod. 400-R 


A self-contained densitometer for the accurate meas- 
urement of density of dental-size X-ray films as em- 
ployed in film badge systems for personnel monitoring 
in radio-activity laboratories and X-ray installations 


Write for Bulletin #490 to $225.— 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


Paper Partition 
CHROMATOGRAPHY 


Equipment 


Cabinets, 
Cylinders G Racks, 
Miscellaneous 
Accessory Equipment 
Specially Designed 
for Paper Partition 
Chromatographic 
Analysis 


4 CHROMATOCAB 
Model B250 


© Write for Descriptive Brochure 


BERKELEY CHROMATOGRAPHY DIV. 


UNIVERSITY APPARATUS COMPANY 
Dept. H © 2229 McGee Avenue ® Berkeley 3, Calif. 


OF MICE AND STRAINS 


A major problem in experimental chemo- 
therapy of tuberculosis has been to find a strain 
of mice not only of high susceptibility, but also 
as uniform in response as possible. 

For the past few years the Squibb Institute 
for Medical Research has carried on studies di- 
rected toward this end. The results of these 
studies were published in a recent report.* 

Of seven strains tested, Carworth Farms’ 
strain of albino mice, the CF #1, was selected 
as being the most suitable for use in a standard- 
ized test for the anti-tuberculosis activity of 
compounds. 

It has always been a fundamental aim of 
Carworth Farms to aid in the advancement of 
medical research. We take pride in the small 
part our CF#1 strain of mice has played in 
assisting in the fight against tuberculosis. 


* The American Review of Tuberculosis 
Vol. 60, No. 1, July 1949 


CARWORTH FARMS 


NEW CITY - ROCKLAND COUNTY - NEW YORK 


November 3, 1950 


For MEASUREMENT of SKIN RESISTANCE 


Garceaun RECORDING 
PSYCHOGALVANOMETER 


and skin resistance. 
The instrument is 
direct-reading and gives 
a written record of the 
reaction of the patient. 


Garceau 


CLINICAL DERMOHMETER 


For clinical and experimen- ee 
tal investigation of disorders 
involving sympathetic reac- 
tion, such as pain reflexes. 
In the psychological labora- 
tory, the instrument has a 
well-known application as a 
so-called “‘lie detector”. Re- 
sistance is read directly from 
a calibrated dial. Small vari- 
ations, greatly magnified, are 
shown on the meter. Battery 
operated. Price ....$115.00 


ELECTRO-MEDICAL LABORATORY, INC. 
New Address—SOUTH WOODSTOCK, VERMONT, U.S.A. 
Pioneer manufacturers of the electroencephalograph 
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Personnel Placement 


The Market Place 


CHARGES and REQUIREMENTS 
r “PERSONNEL PLACEMENT” Ads 


1. Rate: 15¢ per word, minimum charge $3.00 for each 
insertion. If desired, a “Box Number” will be supplied, 
so that replies can be directed to SCIENCE for immediate 
forwarding. Such service counts as 10 words (eg, a 25- 
word ad, plus a “Box Number”, equals 35 words). All 
ads wili be set in regular, uniform style, without display; 
the first word, only, in bold face type. 


For display ads, using type larger or of a different 
style than the uniform settings, enclosed with separate 
border rules, the rate is $16.00 per inch; no extra charge 
for Numbers’’. 

2. Advance Payment: All Personnel Placement ads, classi- 
fied or display, must be accompanied by correct remittance, 
made payable to SCIENCE. Insertion can not be made 
until paymenx is received. 

3. Closing Date: Advertisements must be received by 

SCIENCE, 1515 Mass. Ave., , Washington 5, D. C., 
together with advance remittance, positively not later than 
14 days preceding date of publication (Friday of every week). 


POSITIONS WANTED 


Botanist, man 40, distinguished research and teaching record, de- 
sires position as head of department. Box 321, SCIENCE. x 


Bacteriologist: M.S. Industrial Bacteriology, B.S. Medical Bac- 
teriology, age 27, desires change. 5 years experience in research 
and supervising evaluation of antibiotics and chemotherapeutic 
agents, some experience in pharmacology, virology and as a con- 
sultant. Box 330, SCIENCE. R11/10 


Ph.D, (Major: Organic Chemistry; Minor: Microbiology) ; three 
years’ teaching experience; four years, fellow in biochemistry and 
pathology, university medical school ; eight years, research c.emist 
in industry and research associate, university medical school; for 
further information, please write Science Division, Medical Bureau, 
(Burneice Larson, Director) Palmolive Building, Chicago. 


Physiologist: Ph.D. June graduate, single, 29, 15 publications, 
desires position in physiology or pharmacology department of 
medical school, available November 15. Box 331, SCIENCE. X 


Zoologist : Ph.D., 29, invertebrates, field zoology, ecology, ornithol- 
ogy, limnology, wildlife mgmt. etc. seeks change in teaching posi- 
tion with time to continue research. Available fall 1951. Box 


332, SCIENCE 


POSITIONS OPEN 


Bacteriologist: B.A. or M.A. paeeretery research assistant. 
Northwest area. Box 333, SCIENCE 


Histological Technician: phemney experienced in paraffin and 
celloidin methods. American Institute Foundation, The 
University of Chicago, 939 East 57th Street, Chicago 37. R11/3 


Large Industrial Company in Midwest seeks Plant Physiologist 
or thoroughly conversant in Enzyme Chemistry for 
study = ey problems. Germination. Enzyme Development, 
etc. Excellent opportunity. Box 317, SCIENCE. R11/3; 11/17 


Positions Open 

(a) of clinical investigation; key appointment ing 
membership, executive committee; hysician with M.S. o Ph.D 
degree desirable; slight preference for internist. (b) Binnie 
Ph.D., with sound knowledge of bacteriology, to serve as assistant 
director of research, pharmaceutical company. (c) Assistant pro- 
fessor physiology, university medical school; duties include teach- 
ing students in dentistry and graduate school. (d) Pharmaceutical 
chemist for assistant research directorship; industrial company ; 
advantageous if experienced in perfumes, flavors; $5000-$6000 ; 
East. (e) Biochemist with practical training in physiological 
chemistry and_ toxicology; Ph.D. preferred; salary dependent 
upon qeneiouions : laboratories of fairly large hospital; Pacific 
Coast. (f) Physiologist with background of biochemistry and 
knowledge of aquatic invertebrates; work concerned with cultur- 
ing of aquatic invertebrates, studying effects of various types of 
chemicals upon them; research institution. S11-1 Science Di- 
vision, Medical Bureau (Burneice Larson, Director) Palmolive 
Building, Chicago, x 


YOUR AD HERE will produce 
HIGH RETURNS at low cost 


Send your ad copy NOW fer the De- 
cember 8th ‘‘Pre-Convention Issue.”’ 


. For “Charges and Requirements” 
see page 14, October 13th issue 


BOOKS 


N. TROENSEGAARD 


A NEW ORIENTATION WITHIN 
PROTEIN CHEMISTRY 


Analytical investigations of the partly decomposed Pro- 
tein Molecule — co-ordinated with investigations made 
by protein-physicists. 


bound cloth $3.00 
Hafner Publishing Co., 31 E. 10 St., N. Y. 3 


Prospectus on application. 


139 pages 


WANTED TO PURCHASE: 
SCIENTIFIC PERIODICALS 
Sets and runs, foreign and domestic 


SCIENTIFIC BOOKS 
Entire libraries and smaller collections 


WALTER Jj. JOHNSON 
125 East 23rd Street, New York 10, N. Y. 


Send us your Lists of 
SCIENTIFIC BOOKS AND PERIODICALS 
which you have for sale. 
Complete libraries; sets and runs; and single titles are wanted. 
Also please send us your want lists. 
STECHERT-HAFNER, INC., 31 East 10th Street, New York 3. 


— YOUR PERIODICALS 


We need Complete Sets, Runs, Volumes and Single numbers. 
CASH IN on your periodical accumulations NOW! 
COLLEGE LIBRARY SERVICE @ Dept. A, Box 311, N. Y. 3 


Also send us your list of wants 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of iodical files you are willing to sell 
at high market prices. J. S. CANNER AND COMPANY, 909 
Boylston Street, Boston 15, Massachusetts. tf 


PROFESSIONAL SERVICES 


SPECIAL GLASS APPARATUS 


Our glass blowing department is available for special 
scientific and technical glass apparatus made to 
specifications and drawings. Inquiries invited. 
Estimates furnished. 


E. MACHLETT & SON 
218 East 23rd St. New York 10, N. Y. 
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The Market Place 


The Market Place 


SUPPLIES AND EQUIPMENT 


ETHYLENIMINES 


N-Ethyl and N-Methyl Ethylenimine 
,2-Dimethylethylenimine 
2-Methylethylenimine, Ethylenimine 
Over 200 other Monomers in List A-3 


MONOMER-POLYMER, INC. 


3430 W. Henderson St. Chicago 18, Il. 


808 E. 58th St. 
HORMONE ASSAY LABORATORIES, Inc. © Chicago 37, IIL 


HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 


“Your animal is half the experiment’ 


SWISS ALBINO MICE—— 


albino farms * 


ALBINO -W RATS 


P. O. BOX 331 
RED BANK, N. J. 


STAINS 


STARKMAN Biological Laboratory 


SUPPLIES AND EQUIPMENT 


SAF-T-GRIP 


BEADED EDCE 


MICROSCOPE SLIDES 


NON-CORROSIVE @ NON-FOGCING 
-processed beaded — sli 


@ Made from water-clear glass—entirely free from flaws— 
guaranteed non-corrosive. 


@ Available in two types—plain or with frosted end for 


easy marking. 


@ Economical—even as compared with ordinary sharp-edged 


Write for prices, further information and samples. 
PROPPER MANUFACTURING CO., INC. 


10-34 44th Drive, Long Island City 1, New York 
NEW REAGENT FOR 
BLOOD SUGAR 


ANTHRONE 
W. Lake St. 


WHITE RATS 40c 


Rabbits, Cavies, White Mice, Ducks, Pigeons, Hamsters 
Write J. E.STOCKER + Ramsey, N. J. 


ANIMAL CAGES AND ACCESSORY 
EQUIPMENT 
BUY DIRECT FROM MANUFACTURER 
HOELTGE BROS., Inc. 
Cincinnati 4, Ohio 
Write for 1950 Catalog 


1919 Gest St. 


LABORATORY ANIMALS one HAMSTERS 


° Guaranteed suitable for your needs. 
Reasonably priced—Dependable service 


RABBITS 


Clean healthy well-fed animals , MICE POULTRY GUINEA PIGS 
JOHN C. LANDIS + Hagerstown, Md. 


All Amino Acids (natural, synthetic, unnatural), 
‘Rare Sugars, Biochemical Products, Reagents, New Pharma- 
ceuticals in stock. Write or phone PLaza 7-8171 for complete 
price list 


BIOS LABORATORIES, INC. Et Sirect, 


~ 3106 
National Biochemical Co. © Chicago 12, illinois 


SPRAGUE-DAWLEY, INC. 


Pioneers in development of the 
standard laboratory rat 


Box 2071 + Madison 5, Wisconsin * Phone 36134 


QUARTZWARE 


for laboratory and industry 
A complete line of standard laboratory ware. 
Also custom fabricating to meet your requirements. 
For particulars, write: Quartzware Division 


THE PANRAY CORP. 
340 Canal Street, New York 13, N. Y. 


@ AMINO ACIDS e BIOC 

@ PRE-MIXED MICROBIOLOGICAL ASSAY MEDIA 
H. M. CHEMICAL COMPANY, LTD. 

144 North Hayworth Avenue Los Angeles 36, California 


OUTFITS.| 


10 WARREN STREET,NEW YORKZ, 


Every vecess 


fon GEOLOGISTS 


Cargille MICRO BEAKERS 


For direct weighing “ small quantities of oils 
(capacity 1 ML) and fats for Iodine Number 

Sas 2 the glass be and sam- 
ple into the solution). 

For semi-micro 

1.00 Gross $7.50 

. P. CARGILLE (DEPT. S$) 
le New York 


co 
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HOTEL RESERVATIONS 


117th AAAS MEETING 
Cleveland, December 26-30, 1950 


The list of hotels and the reservation coupon below are for your convenience in 
making your hotel room reservation in Cleveland. Please send your application, not 
to any hotel directly, but to the Housing Bureau of the Cleveland Convention and 
Visitors’ Bureau to avoid delay and confusion. The experienced Housing Bureau will 
make assignments promptly and the hotel will send a confirmation directly to you in 
two weeks or less. Please plan to share a room with a colleague. In addition to 


economy, this will insure ample accommodations for all in the downtown hotels. Mail 
your application now to secure your first choice of desired accommodations. 
HOTELS AND RATES PER DAY 
Hotel* Single Double Twin-Bedded Suites 
STATLER $4.00-$8.00 $7.00-$10.00 $8.50-—$12.50 $17.00-—$23.00 
HOLLENDEN $3.50-$8.00 $5.50-$10.00 $7.00-—$12.00 $12.00-$22.00 
CARTER $4.00-$6.50 $6.00 -$10.00 $7.00—$10.00 $18.00-$25.00 
ALLERTON $3.50-$7.00 $6.00-$ 9.00 $6.00—$10.00 $10.00-—$20.00 
$2.50 RW $4.00 RW 
AUDITORIUM $3.50-—$5.00 $5.50-$ 7.50 $7.50 $12.50-$26.00 
OLMSTED $3.00—$6.00 $5.00-$ 9.50 $7.00—$ 9.50 $10.00-$15.00 
Prices are subject to change, but are not likely to do so. 
RW means running water only—no private bath. 
*A list of the headquarters of each society and section is under Association Affairs, SCIENCE, 
August 25 and in THe Sclentiric MontTHLy for September. 
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THIS IS YOUR HOTEL RESERVATION COUPON - - - - - - - - 


Mrs. Louise D. Perkins, Director 

Housing Bureau 

Cleveland Convention and Visitors’ Bureau, Inc. 
511 Terminal Tower 

Cleveland 13, Ohio 

Please reserve the following accommodations for the 117th Annual Meeting of the AAAS: 


TYPE OF ACCOMMODATION DESIRED 


Date of Application 


Suite Rate Number im Party 
Double Room Rate 

Rate Sharing this room will be: 


CHOICE OF HOTEL 
Second ChOICO  hird Choice 


DEPARTURE DATE 
(These must be indicated) 


First Choice 
DATE OF ARRIVAL 


SIGNED 


(Please print or type) 


ADDRESS 
“~ (Street) (City and Zone) 
Mail this now to the Housing Bureau. 
Rooms will be assigned and confirmed in order of receipt of reservation. 
Hotels will confirm directly in two weeks or less. 


(State) 
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AUTOTECHNICON saves everybody's time . .. the 
pathologist, the technician, the surgeon, the pa- 
tient. Completely automatic overnight service is 
routine . . . finished tissues are available within 
short hours of surgery . . . diagnosis is prompt. 
Brochure is available on request (on your letter- 
head, please), 


THE TECHNICON COMPANY 
215 East 149 St., New York 51, N. Y. 


every phase of tissue processing automatically... 
fixation, dehydration, washing, infiltration, staining 
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Through 
SPENCER Research 


Comes a Complete New 


Series of 


MICROTOME 
KNIVES 


AO Scientists are constantly searching 


for better materials and improved 


methods for manufacturing supe- 

rior microtome knives. 

Made of tough, improved 

steel rigidly controlled 4 
during heat treatment for \ 
grain size, carbide size, and 

hardness, these new knives are 
carefully ground and honed on rev- 
olutionary new equipment. As a result 
the edge is keen, straight, and extremely 
wear resistant. “Mirror finishing” gives 
extra corrosion resistance. 


Discover for yourself what the extra 
quality and uniformity offered by these 
competitively priced AQ Microtome 
Knives can do to improve your specimen 
sections. See your AO Distributor or 
write Dept. L1. 


American @ Optical 
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INSTRUMENT DIVISION « BUFFALO 15, NEW YORK 
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